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It ie a well known fact that thoee phenomena whieh 
indieate the magnetie ioroe of the earth are 6ubject to ehanges 
whieh show as a rule a eertain regularity by their dependenee 
on periods of time. The magnetio deolination yaries with the 
seaBone and eyen eyery hour at one and the same plaee; there 
is aleo a oontinual seeular ehange. The hourly oseillations of 
the magnetio needle are moetly regular, i. e. periodieal, and 
these peiiods are known to be dependent upon the position of 
the aun. At night-time the needle is almost etationary, but 
with sunrise it oommenoes to moye, and then eontinues this 
motion until about noon, after whieh it again moyes gradually 
baek tothe orig^nal position. Irregular (non-periodieal) mo>e- 
ments of the needle may haye something to do with earthquakes 
and yoleanio eruptions. Of the seeular ehanges of deelina- 
tion the moet eomplete series of obseryations has been made at 
Parie. Here the deelination amounted to 8^1 (yE. in 1550, 
then inereased to W^Ol^ whieh yalue wae reaehed in 1580; 
after this a deereaee took plaee, it beoame O^ in 1663-1666, 
turned West and gradnally inereased in this direetion up to 
the year 1814. At this time it had obtained the yalue of 
22^34', and now eommeneed to moye baek in an easterly diree- 
tion, but with eonsiderable irregularity. It is, as f ar as I know 
eompletely unknown to what eauses these seeular oseillations of 
the needle ean be attributed, mainly beeause the material at 
our disposal does not eztend oyer a 6ufficient length of time to 
fonn any yaluable judgement upon these difficult questions. 
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Tfier£ffore I do not hesitate to bring the seanty results of 

soine inrestigations on the 8ubjeot before this soeiety, though 

I m'ust apologize f or offering my obseryations in a yery ineom- 

.•jgl0te and rough atate. This may perhaps be a good ooeaaion 

/-*to'call the attention and the interest of this sooiety to a 8ubject 

'.whieh must be no doubt of highest importanee for seismie 

* seienee, and I hope that eome one who is more eonyersant 

with the 8ubject than I may 80on show whether there is, or 

is noty an intimate eonneetion between magnetism and vulca- 

nism, and where this eonneetion exi8ts. 

Unfortunately the number of magnetie obseryations in 
Japan is very limited indeed. It is true that the eoast of 
Japan is pretty well 8urveyedy and the magnetie yariations so 
important for the mariner are given on published eharts, but 
by a comparative inyestigation of these data it oan be seen 
that maoy of the observations appear to be inaoGUrately deter- 
mined, if their applieability to seientiAepurposesiseonsidered, 
and, on the other hand, these obseryations are seattered over a 
large number of years. They are howeTor the only souree by 
whieh we ean eonstruot the preeent magnetio meridianB of 
Japan. I have tried to make out on the map the eourses of 
the 4° W. and 5° W. meridians. Bough aa the ouryes deter* 
mined in this way may appear, it ean be seen that they follow 
a erooked line, and that their oourse appears to conform to 
eertain lines peouliar to the configuration of the Japane86 
Islands. Materials for oonstrueting even approzimately the 
isoelines and the isodynomieal lines are eompletely wanting, 
as the magnetometer measurements that have been made only 
relate to a very small part of Japan. These more 6oientific 
determinatione were undertaken during the two last years for 
the geologieal 8urvey and their reeultB have been published 
in the Mittkeilmgen der Ostasiatiaohen Getelleeha/it. 

In order to eompile in the; ahortest time possible a general 
topographieal and ge^logieal map of Japan, and for the 
purpose of getting the means to provide the 8urveyurs later 
on with instruetions relating to loeal apeeialties, I had 
deeided from the vexy beginning of the geologieal suryey to 
earry ^ut myseU a reoonnaissanee of the whole oountry. This 
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work I oonuheikodd in Hm begmning of last jeBX, being helped 
bj A few asBistanta. Duriiig 4 months time almoet uniater- 
rupted Aying suryeye had to be made (beaides 1 moath devoted 
to the geologioal Suryey of Ani), the total length of the route 
suryeyed by myseli being about 400 ri. Estensiye observa- 
tions were made both on the geology and on the topography 
oi the eouutry, whioh entailed an elaborate use of the magnotie 
eompass. J.oining the material ooUeoted oa these eseursions 
together with that repreeented by the Ghissoku Zenkoku 
ehiudsu, made in 1800.1819, and known as Ino's map of 
Japani I am enabled to eompile a map whieh will at least 
eorreetly ehow the general featuree of the eountry. Mr. 
Knipping has pubUshed in the MittheUungin der 0. O. very 
favorable remarks as to the aeeuraey of Ino's map, and I 
took oeoasion to eonvince myseU that the Chis8oku Z$nkoku 
€hiudzu is 8ufficiently eorreet to be used as a basis for the 
reeonnaissanee map of the Oeologieal Survey* 

Ino's map eontains a great number of eompass measure- 
ments. These are given in ^apanese eharaeters, and the total 
Bum of aU the angles laid down in the map in this way amounts 
to not less than 2040. Oomparing Ihe magnetie azimuths as 
given by Ino with eompass measurements of exactly eorre- 
sponding direetions as determind by the Beoonnaissanoe, it oan 
be shown, as I shaU endeavour to pro^e, how mueh the magna.e- 
tio deolination has ohanged ainee Ino. Ino's field books have 
unf ortunately been lost by the burning down of the Uyeno tem- 
ples in 1868; dijfferent essays written by him are likewise no 
longer in existence, and the map edited in 3 different soales and 
some reeord books aeoompanying this map are aU that have been 
preseryed. This map gives a means for the determination of 
the eourse of the isogones for the beginning of this eentury. 
Possibly the eompletion of a map, showing the system of the 
isogones for Ino's time and the aeeurately determined s^rstem of 
the present isogoi^es, isoelines and isodynamioal lines, may iu 
f uture lead to abetter understanding of the oauses of the seeular 
OseUlations of thaneedle. I need aeareely point out that eon- 
tinued studies in this direetion promiae the more, as Japem 
mainly extends in a North and South direetion, and is therefore 
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espeeially fit'for magnetie stadies; and further, bdoause we 
have to do with a oountry whiohy as hiBtory telle us, had 
periodieally a rery high voloanio aotivity; besides Japan 
might deserre the speeial and prominent attention of those 
who are interested in magnetie stadies, as it is part of a magne- 
tie idand on whioh the deelination is West. The dependenee 
of many of the magnetie phenomena on eleetrio ourrents mov- 
ing round the earth may be oonsidered as probable. In oonse- 
quence we may perhaps expect the e^istenoe of a eonneotion 
between magnetie phenomena and oertain intemal oonditions 
of the earth, as the earth iteelf will have its eleotrie eurrents, 
and these ourrents ought to be iniiuenoed by intemal ehanges. 

In 1870 the Daigaku wisely undertook to publish Ino's 
maps together with his rooord books, whieh latter also eontain 
some pref aees and introduotions, partly by Ino himself , partly 
by his eolleagues. 

Mr. Sekino has^ aooording to my advice, translated the 
text aeoompanying the maps, and from his translation I quote 
the following words of Takahashi Sakuzaemon : " Now the 
maps have been oompleted and in plaee of Ino Tadayoshi, 
who died before the maps eould be publishedy I myseH state 
the following : The Europeans say that the oompass needle ge* 
nerally deolines to the West, not pointing due North, and that 
this variation inoreases or deereases. Ino Tadayoshi had no 
better instmments then the oommon magnetie eompass. In 
Europe these instruments are made with great perf eetion. Ino, 
however, did not use any foreign made oompass, he on the eon- 
trary prepared himself eompasses of different kinds. He dis- 
covered that the bearings taken with his own eompass were al- 
ways the same, and 8aw the needle point due North quite eon- 
stantly, so that any thing like the variation of the eompass nee- 
dle was never notieed. From these results he determined that 
by caref ul and proper workmanship instruments of the great- 
est delieaey ean be made, and that any pieee of iron has mueh 
infiuenoe upon the needle^ deviating it more or less from 
pointing true North and South. If any one would re-observe 
the bearings of any plaees on the map with the eommon kind 
of oompass, it would most probably give some difference.'' 



Ino obyiouBlyoTerlooked the magnetie deolination, beeause 
^t his time the meridian of no dedination passed through 
Japan. He was therefore right to a eertain degree, esoept of 
oourse in his opinion of the greater perfection of his own 
inatrument. Still one might be astonished that he who was 
80 well yersed in determiningthe latitudes with ahnost absolute 
aoeurapy» negleoted those larger deolinations whieh at his time 
appear to haye esisted in seYeral parts of the eountry. The 
reason of his negleeting the smaller deelinations is yery easily 
understood. His oompass was, as it appears, too rouglily 
diWded, and did not show more than 240 diyisions, bo that the 
smallest division of his/iompass would eorrespond to 1^^ of the 
proper division. Besides this, Ino's pompasB must have pos- 
sessed a eertain error due to the non-eongruenee of proper and 
magnetio axe8 of the needle. It will not be possible to deter- 
mine the amount of this error, without getting the eompass 
it8elf. Kepeated inquiries about this eompass of Ino gave 
again and again a negative result ; still I oonsider it possible 
that it has been preseryed, and take the liberty of inviting the 
members of this sooiety to assist in its disooyery. The ju8t 
deseribed error of the oompaas is a oonstant one, and oannot 
there^ore inAuenoe the general results deriyed from a oom- 
parison between Ino's bearing^ and the present bearings. 
Besides the said error, there is still another one, eaused by 
friction. Ino's readings may be oonsidered to haye an aoouraey 
of about one degree. This is by no means ineonsiderable if 
Ino's bearings are to be used for the determination of the 
isogonee at his time. But it must be bome in mind that the 
yalue of the whole inyestigation oannot be destroyed by this 
objectiony as this unfayorable oiroumstanee is oounter- 
balanoed by a fayorable one, namely, by the gr^at numher of 
the bearings gtyen in Ino's map. In the Northem part alone, 
in whieh I trayelled last year, and only for this part did I try to 
determine the ohange of magnetio deelination, there are not 
less than about 80. Moreoyer, a prolound study and a careful 
examination of the map leada to data whioh do not depend on 
the bearings given, but on bearinge measured in the map, and 
theref ore by oariying the work to the greateat posaible eztent 
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one ought to arrive at a point not very far from the truth. 
The methods applied to determine the magnetio yariation 
at Ino's time are as lollows. 

1. 8uch bearing8 of Ino as are giyen in numbers on his 
map are eompared with bearinge measured during the-reeon- 
naissanee (prismatie oompass). The difference between both is 
determined ; the present magnetie variation was taken f rom 
eharts or approsimately asoertained, and subtraoted f rom this 
difference. + signe have the meaning dedinations E., — sig^s 
indieate a dedination W. This method is illustrated by the 
aeoompanying diagram, Fig. 1, of whieh the following is the 
explanation. • 

NS, Astronomioal meridian. 
P, Mountain sighted. 
M, present position of needle. 

M|, position of needle at Ino's time when dedination W. 
Mt, position of needle at Ino's time when dedination E. 
DeeHnation at Ino's time = a — ^ — e (West) or 

= a — 6 — 8 (East). 

2. SightingB taken during the reoonnaissanoe have been 
eompared with the direetions of the eorresponding lines o{ Ino 
as determined by meaeurement on his map. 

This method oan be applied only in suoh eases where the 
station ie determined by Ino and the sighting taken not far 
away from one of Ino's sightings whieh bears to the same point. 
From this the deelination was determined as before. 

3. Some of the more prominent peaks in Ino's map (Tai- 
hesan and Ganju8an) are not in the proper position on aeeount 
of Ino's overlooking the dedination of the eompass. The pro* 
per position of these peaks was determined in Ino's map, and 
the difference of Ino's given direetion from the direetion to the 
newly determined point measured. The value obtained eor- 
responds approximately to the magnetie dedination at luo's 
time, as illustrated in Fig. 2, explained as follow8 : — 

I, Direetion given by Ino. 

P, new position of peak. 

P, angle giveii by Ino (6mall eorreotion applied). 
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«, angle ineft8turedffom inap, between newly determined 
direetion and true meridian (true azimttth of direetion 
to peak P, determined approsimately by mapping). 
D, Direetion of magnetio meridian at Ino*6 time. 
7 := — tt ss approximate deolination at Ino's time. 

5. AU thoee field Bketohee forming a oonneetion between 
two Btations oontained in Ino's map were put together, the 
Btraigbt di8tanceof the stations andthemagnetieasimuth of the 
oonneoting line were measnred, and the results obtained oom- 
pared with the oorresponding lengths and angles in Ino's map. 
Thongh the differeneea of direetion proeured in thia way oan 
not be used for aeoertaining the former magnetio yariation at 
the single loealities, it i% worth notioe that the ayerage of the 
deyiation from Ino's direotions rery nearly oorresponds to the 
probable average inereaee oi the dedination sinoe Ino, as 
deriTed by applioation of the methoda mentioned before« 

Before oommenoing a dieouseion of the tablesy and of 
the ourreB shown on the aeoompanying map Of Tapan, I haye 
to remark that the error of the priBmatio oompass whioh I made 
use o{| has not yet been determioed 9ufficiently, and that the 
g^phio exhibition of my results ean only be taken as a rough. 
aketoh. 

Most likely it was Arst at Tokio that Ino was led to the 
oonyietion of the great exactitude of his oompass on aooount of 
its oonstantly pointing to the true North. For this reason it must 
be of speoial interest to measure those direotions to distant moun- 
tains, whioh he determined from Tokio. His map eontains a 
great number of red lines diyerging f rom a point at Fukagawa. 
Mr. Shiraishi seleoted a point at Fukagawa whioh must haye 
been yery near to Ino's station, if not ooinoiding with it, and 
determined the present magnetio asimuths of a number of these 
direetions. All oould not be taken, as the weather has been 
yery unfayourable during the laBtmonthB. The ayerage yalue 
of the former dedination obtained f rom these obseryations is 
l^^ W. One might haye expected a number smaller than 
this; poBsibly the ju8t mentioned yalue will be redueed by 
subtraeting the error of the priamatio oompaBS used. Properly 
the single yalues indioating the. ohange. oi the magnetio 



[«] 

▼ariation onght to be the same, but erery diAerenee obtained 
Irom anj direetion diffeT8 from the others. The extreme yalues 
are eyen not lesa tiian 2^ {rom eaoh other. This appears to 
proye that Ino^s readiag^ were indeed aomewhat roughly taken. 
I am able to atate howeyer with abaolute eertainly that 
the meridian of no dedination muat haye paeaed through the 
eountry at Ino'a time. Thoee old b earings whieh I teeted wenr 
taken by Ino during the years 1800 and I80L Berghans'a 
Phy9%kaU»eher Ailtt» oontains a map of Erman ehowing the 
iaogonee for the years 1827 — 1831 . Here the l^ W* meiidian 
ean be seen to pase through the Eastem part of Yeeeo, and to 
eut off Bome peninsulae on the Eaetem eaaat of the main ieland. 
Thie giyee roughly an ayerage inereaee of 5^ f rom 1800 to 1881 » 
and of 3"" from 1830—1880. Aeeording to the yalues giyen in 
eharta of one and the eame harbor, but relating to different 
yeare, we obtain for middle and Northera Japan, 

Nanao, 1870 — 1879 magn. deel. inoreaeed f rom 

4^ 35'— 6** lO', 35' in 9 yeare, or 4' annually. 

Miyadau, 1867 — 1879mi^. deel. increaeedfxom 

4** 30'—^** 15', 45' in 1 2 years, or 3,8' „ 

Awomoii, ]870 — 1874magn.deGl. inoreaeedfrom 

4**— 5** 20*, 1* 20^ in 4 yeare, or 20^ „ 
The fir8t two of the yaluee determined yery nearly agree 
with the ayerage annual inerease aooording to Ino's and Erman'si 
obeeryatione. On eome of the eharts the magnetio yariation ie 
eaid to inoreaee about 1' annually ; but thie is oertainly too little. 
While in Northern Japan the magnetio deolination 
eertainly inereaeeay it aeeme aooording to eome eharte that it 
deereaeee in the Bouth. 

If the yaluee for the deblinationa at Ino'e time are put 
down in a map of Japan and the ouryes are eonetrueted, the 
meridian of no dedination ie eeen to paea in a yery irregular 
way through Northem Japan, ite longeet azis being eontained 
in a median n>ne of the Island. The West and East deelinationa 
are diyided Ief t and right of this sero meridian, a result whieh 
proyee the reliability Qf the whole proeees. Strange to eay we 
obtain a yery large Eaet dedination for Morioka, or the neigh* 
bourhood of Ga&juean, and other obeeryations taken in this 
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reg^on point out that there was at Ino*8 time a kind of magnetie 
island in Northem Japan, with some plaee near Gaujusan as a 
eentre. A Westerly inoreaee of dedination sinee Ino, amount- 
ing to about 19^, is so abnormal that one might rightly expect 
misreadings or something of that sort to have been eommitted 
either by Ino or by myseU. But repeatedly examiuing luo'ti 
plottingB I always find 

Ist, that Ino give8 N. 60^ W. as the bearing of Oanju8an 

taken from Uyeda near Morioka. 
2nd, that this given bearing agrees with the angle mea- 

Bured in the map. 

3rd, that however Ino's position of Gan]usan is oertaiTiIy 

wrong, as the mountain is more to the right if seen f rom 

Morioka. 

4th, that the oonBiderable deviation of Ino's beariug at 

Uyeda is not the only exception, but that the direetion 

given by Ino for the line Sanbonyanagi Oanju6an (N. 

45^ W.)y does not differ from the eorresponding direetion 

meaRured on the map, bnt from the newly determined 

point for Oanju8an (N. 33** 6(/ W.) about ir W. 

BeBideSy the deelinations for Tokudamura and Minami- 

hidznme (Btill more South), the former having 6^ 50', the latter 

4^ 45', and laatly lBhiboriza, showing an East deel. of 4^, are 

all abnormal. These larger Eabt deelinations follow eaeh 

other very regularly, beeoming the larger the nearer they eome 

to the plaee of largest Easteru deelination, I ean not eonsider 

it possible that all these large deviatiou8 should be aeeidental, 

and I am my8t)lf nearly convinced that there hae been at Ino's 

time an irregularity iu the isogonio system in the immediate 

neighbonrhood of Oan^nsan. Whether this irregularity had any 

oonneetion with the voleanic seat of the j uBt meutioned volcano, 

I I am of eonrse perfectly unable to say ; bnt eertainly the elose 

neighborhood of an abnormal magnetie eentre and what may 

I « be ealled an active volcano desenres our attention. Aeeording 

I to my knowledge there was no volcanic eruption nor any big 

earthquake in the regions near Oatiju8an at the time of Ino, 

thottgh a very big subterranean noise was notieed in 1823, 

whieh is said to have eome either from Oanju8an or from 
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another mountain neair it. 

One might not belieye that Ino oould oyerlook deyiations 
of the eompass needle amounting to not less than 14^ 30^, but 
it must be borne in mind how persistently Ino held to his idea 
of the great superiority of his oompasB. On the other hand, 
Iuo'b work had to be earried through against bo many difficul- 
ties as to make eyen that error esousable. He Btatea himseU 
that the suryey from Noheji to Sendai offered Bpeeial difiicul" 
tieB on aeeount of the weather haying been uneeaeingly rough 
and snowy. 

To be f ree f rom reproaeh I Bhall not eonoeal a f ew results 
whieh do not oonfirm the juBt deeeribed magnetie irregularity. 
The difference of Ino'a direotion Morioka-Hannamaki and that 
determined by a Buryey of Mr. Fujitani giyeB 4® 46' W. for Iuo'b 
time. Further, the examinatioii of Iho'b bearings to Hayaehi- 
iiesan f rom a f ew Btations on the Oshiukaido, under applieation 
of method 3, giyes 3 west deolinationB of 2"^ 15, 2"* 30 and l'' 4(y . 
Sinee not mueh weight ean be giyen to the angles faund by 
a Aying suryey, simply beoause the amount of error depends 
upon too many yarying eireumstaneeB, the 3 last yalues are 
likewise of inf erior importanoe. The position of Hayaohine in 
Ino*s map namely was determined by yery aeute angleSy bo that 
it eame by far too mueh East. 

As stated before, the old deelination of Tokio was deter- 
mind to be l^ 2'. The meridian of I^ therefore took its way 
probably straight aerosB the island approximately in the 
direetion of the astronomieal meridian, setting aside the smal- 
ler euryatures. Sueh magnetie euryes would haye shown quite 
a different &hape at Ino's time from the present. 

Before eonoluding this paper I may be allowed to add au 
interesting obseryatiou whioh I was fortunate enough to muke 
on the top of Moriyoshisaa, an old yoleano near the Ani eoppet- 
mines, Akitaken. East of the highest poiut of this mountain 
lies a small flat eoyered with dwarf piues and large bloeks of 
laya. At the eastern border of this plaoe I fouud a bloek 
eonsisting of exactly the aame material as the surrounding ones, 
Bhowing yery strong magnetism. The bloek, eonsisting of 
granular Augitetraehyte^ measured about 1.90 met — 1.50. By 



none of the blooks in the neighbourhood eould any effect upon 
the needle be obseryed, while the one in que8tion made it 
reyolye yery deeidely, so that the needle deseribed an are of 
155" in aome oases. Standing upright on the bloek, I eould 
not obserye more than a yery slight deyiation ; but lowering the 
oompassy the needle was seen to moye yery deoidedly . The degree 
of deyiation was found to be yery different at dtfferent points. 

The aeoompanying Bketeh, Fig. 3, showB the diBtribution 
of magnetism. The angles giy^n in the Bketeh are the bearings 
taken f rom the Bingle points to a oertain mire whose proper 
bearing was found to be N. 68 W. 

The eketeh Bhows the amount of deyiation at dtfferent 
points of the Burface and in what direetion the needle was 
turned. The East deyiations are diyided into two zone8 whieh 
cro88 eaeh other ; on the islands eut out by these zone8 the 
det^iation is to the W. PragmentB broken off had a yery 
dietinet polar magnetism. It may be that the magnetiBm of 
the bloek was eaused by lightning. 

In taking obseryationB with the oompaBe, errors may be 
experieneed by the influence of magnetio maseeB or blooks. But 
theee aeeidental BOureea of magnetiBm may be easily diseoyered 
with eyen little attention. On the top of yoleanio mountains 
it is always neeeBsary to take the sightings from a number of 
points. I mention that Mr. Knipping obseryed a yery oon- 
aiderable deyiation on the top of Nantaisan. Gomparing my 
bearings taken from the top of Ghokai at different points, I 
found that they differed yery oonsiderably. 

The aboye notes do not pretend to be anything more than 
a kind of prog^amme or introduetion f or an inyestigation whioh 
will extend oyer a great number of years. The magnetometer 
obBeryations of the geologieal Buryey will sueoeBsiyely be ear- 
ried out through the whole oountry, and in the oourse of the 
Baid suryey all the bearinga laid down in Ino's map will be 
praotieally tested in the fleld. This will lead )o the eonstruo- 
tion of magnetie maps both f or the present time and for the 
beginning of this eentury. 
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DISeUSSION. 

J/r. Knipping Baid : 

With regiird to the euryes of eqiial magnetie Tariation, for 
the preeent and for Ino's time (1802-1619) as oharted and ex- 
plained by Dr. Naumann, I am of the opinion, that the obserra- 
tions do not j U6tif 7 some of theae eunres, at leaat not throughout 
their entire length. 

The 5° W. eunre for the present time follow8 almo!it the 
eoastline of Aomori bay in its yarioua bends and different 
direetions; at Niigata it tretids out to aea, making a large 
aiigle with the preyious direetion ; it endoses Sado island and 
theu retums far iuto the interior of the main island, forming 
at Sado an aeute angle ; f rom the interior it mns out tp aea 
again oS Etehu. 

The 4*^ W. Gunre of the preaent time follow8 the eoast line 
of the Kii peninsula at sea in a S.S.W. direetion, tume round 
Oshima, parallel to the eoast line, mns up the Kii Ghannel, 
about N. W., and tuma off Awaji to the S. and S. W. again, all 
within a radius of about 60 to 80 nantieal milea. 

On no yariation ohart, based on a 8ufficient number of 
obsMryations, haye I eyer notieed similar irregularitiea. If ac- 
eount was taken of the probable error in the obseryations, and 
of the fact, that in nautieal eharta, whioh Dr. Naumann has 
eonsulted, the yariation ia often giyen at sea in plaees where 
no aetual obseryations were taken, 8olelj for the oonyenienee 
of the mariner in using the ehart, and that in many oasea the 
data are approximate only to 20^ or 30^, all these irregularities 
would disappear. 

The line of no yariation for Ino's time resembles in the 
interior, latitude about 37-38^ N., an 8 Aattened down oonsi« 
derably in its lower portion ; but this extraordinary shape, 
whieh one'will look for in yain in a reliable yariation eharty 
similarly disappears, if a probable error of 0.6** to 0.7^ is 
allowed for. 

In general, euryes ean only be aeeepted as f airly represent- 
ing what they are intended for, when many obseryations are at 
our disposal, not only <m the ouryes, but also betwem them. 
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Whether curves are fair or not, ean be further easily tested 
thus : if two pereons, indepondently, draw by means of the sume 
data the same or nearly the same curveft, then the latter may 
be takeu as fairly representing the obser^ations. but in the pre- 
sent inetanee it is evident, that this test wotild give unsatisiae- 
tury results. 

The discovery of Dr. Naumann, that near Morioka in 
Kortheru Nippon the variation at Ino's time amounted to 14** 
E. and deoreased gradually to O^ towards the N., W. and 8., 
trithin a radius of 80 or 100 nautieal miles Jfrom thts point, is 
highly interesting and important. A sitnilarly guiek ehange of 
ihe magnetie ^ariation, distrtbuted oeer eueh an area as the one 
^um on the ehart, f> untU noto only hnown near the magnetie 
polee. It is thns to be hoped, that Dr. Naumann will publish 
in f uU all the obser^ations on whieh his curve8 of equal varia- 
tion for Ino's time are based, so as to leave no doubt about the 
eorreetness of his results, and also the ^ariation» as found by 
himseU at plaoes near Morioka, beeause it is highly improba- 
able that a loeal magnetio disturbanee of sueh magnitude and 
extent, as stated for these regions and Ino's time, should have 
entirely disappeared in 70 or 80 years. 

Dr. Naumann repUed : — 

If Mr. Knipping would take the trouble of re*ezamintng 
my paper, he would find again and again remarks whieh point 
out how little value is attributed by my8elf to the smaller 
Binuations of the iK>gonic lines represented in the map. This 
map, whioh I introdueed as a '* rough sketeh " only, is intended 
to be a mere illustration to my notes. Notwithstanding, Mr. 
Knipping ia attaoking in the ^rst line the details of the 
''sketoh"; he even deseribes the oourse of the curve8 very ex- 
hauBtirely and in this way makes up for a defioiency of my 
paper. I myseU have failed to give anything more about the 
present ourres then a short remark about their erooked 
eharaoter, and the ** apparent " conf ormity to the configuration 
o{ the lapanese Islands. 

Begarding the Sado sinuation of the 5^ W. curve, deseribed 
at length in the foregoing part of the diseussion, Mr . Knipping 
is not aware o{ the mone aeeurate determinations forming the 
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baBis of this part. Tost for the oonstruotion of the said sinaa- 
tion I was able to make use of about 10 dedination yalues, 
partly determined by magnetometer measurementSy partly 
established by eurreyore of the triangulation of Japan. Those 
deelinations giyen far out at sea, whose loealities oould not be 
fixed approximately, were entirely negleoted. I mainly used 
the speoial plans and eharts of the harbors and bays. For 
the Idza eunro a greater number of ehart deolinations and also 
some magnetometer deelinationB were employed, That the 
8ado Binuation waB founded on something else than on 
mariners' obseryations alone, eould be deeided without a know- 
ledge of the notes to whieh the sketoh belongSi as the said 
sinuation goee yery far inland. It oan be seen from these 
remarks that Mr. Knipping'a asBertion : **all thete irregularitieB 
would disappear if aeoount was taken, ete." is Mtirdy without 
/oundation. It may be that the speeial eharaoter of many Binu- 
ations is ineorreet, that this Bpeoial oharaoter will experienoe 
Bubstantial ohangoB at a time when a greater number of aoou* 
rate obseryationB BhaU be at our disposal, Bome of the ainua» 
tiona may eyen disappear^ but oertainly not all will yanish. 

As far as the irregularities of magnetio lines are oonoerned, 
generally these oan of eourBO only be shown on maps drawn on 
a yery large seale. Sueh detailed magnetio mape are still 
yery rare, and con8equently yery little ia known about theee 
irregularities, Magnetie maps on a yery amall Boale, ahowing 
for instanee the whole 8urfaoe of the earth do not allow the 
representation of the speeial irregularities. Suoh general maps 
are a kind of illustration to the theory of OauBS, aooording to 
whieh the magnetie phenomena obBoryed on the 8urface of the 
globe are f unetionB of Latitude and Longitude» 

The oauses of the smaller irregularitiea eonsiBt in condi« 
tioDS of the 8uperfiGiaI parts of the earth. The shape of the 
8urf aee may hays some inAuenoe, and we may perhaps expeot 
greater oomplieationB in the detaiU of magnetio euryes where 
the differenoe8 of leyel are so eonBiderable aa on and near 
Japan. 

Lamont'e magnetie maps of Bayaria and Southern Ger. 
many ehow the deelination linea in interyals from lO' to K/* 
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Some inregularities may be notieed on theee maps. The dis- 
tanee of two deolination eimres is on an ayerage about 4 
German miles ; West of Karlsruhe, however, the l^ 4(/ and the 
2^ curve are only 1 mile itoai eaoh other and near Darmstadt 
the distanee amounta to 8 miles. A similar irregularity may 
be notioed between Bamberg and Bayreuth, and a Btill more 
oonsiderable one in the neighbourhood oi Salzburg. 

The Bay of Finland give8 a f urther example of eieeptional 
direetione of the needle. The irregular distribution of magnet- 
ism in this part has been inve8tigated by B. Lenz. He 
f ound the irregularity to be greatest oa the Island of Stenland. 
At Junner8o he found not less than 9 poles. It is highly pro- 
bable thai this peeuliar irreg^arity may be eauaed by masses 
of iron ore found here at a number of pointa. These esamples 
prove the exi8tence of irregularities in other parta of the 
world. 

I do not attribute mueh value to the details of the curve8 

for Ino's time and I have said so in my paper, but I eannot 

agree with Mr. Knipping if he maintains an error of 0.5 to 0.7^ 

would be 8u£S.Gient to ehange the irregular zero eurye into a 

regular one. This ehange would require a very peeuliar and 

very improbable diBtribution of the errors. An inspeetion of 

the origiual map will convince Mr. Knipping that the greater 

number of the data by whieh the curves were determined are of 

eaurse not on but between the euryes. In eoostrueting the map 

I have endeavoured to draw the eunres in exact aeeordanee 

with the material, however insuAieieut it may be, I had at my 

disposal. If two persons (to use Mr. Knipping'B example, but 

not to the same effect), working aeoording to this prineiple of 

mine, draw euryes, quite independently from eaoh other, but 

employiog the same data, theit representations wiU beeome 

nearly the same ; but if they do not work aeeording to the 

Bame prineiple, if f . i. one reject8 all those obsenrations whieli 

make the curveB irregular, then one will get a more eomplie- 

ated, the other a less eomplieated system. 

For the eonstruetion of the curves relating to Ino's time 
I made use of about 50 eompass meaBuremente. These were 
taken during the last year on my travelB through Northeru 
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Japan. It must be remerked that my notes apply onlj to 
Norih Japan and that the earree for thepresent time were 
put in for eomparison. 

With regard to Mr. Knipping'a final remarks I may be 
aUowed to repeat what I «tated in my paper, namely, that my 
notes are onlj intented to be an introduetlon to future studies 
and inyestigations, and that I long for the time when it wili 
be poseible to publish the magnetie materials to be eolleeted by 
the geologieal Suryey in a far more eomplete and defiDite 
Btate than those seanty notee whieh I took tho liberty to briiig 
before this soeiety. 

lir. Kiiipping repli^ .*— 

If Dr. Naumann himeeU also plaees little Talue on the 
ainuosities uf his lines of egual yariationy then there wae ali 
the more reason to suppreBS them as mueh as posbible in a 
raugh sketeh, as those mentioned by me are improbable on the 
face of them ; and a sinuosity, amounting to an aeute angle iu 
one line, disappearing entirely in the next one, distant from 
the first about 100 miles and on the whole paruUel to it, eati 
oertainly not be oalied a mall one, it is rather an unusuatly 
large one. 

That the line near Sado was drawn with the help of tralues 
partly determined on shore, of whieh I am well aware, does 
not proTe anything in faTor of this angle, as long as the 
probable error is not at least roUghly giyen. 

The esamples adduoed hom the magnetie sunrey of 
Bayaria and Southern G^rmany, as weU as the one in the bay 
of Finnlandy oannot be oompared with the irregularities men- 
tioned by me, beeause they are diSerent in kind. In the tirst 
ease wrying didaneee in a system of isogoneB, running about 
paraUet to eaeh other, haye nothing in eommon with our ease, 
where the anglee or hende in one line, do dot appear at aU iu 
the next one* Seeondly, in the Qulf of Finland, the great 
irregularities are laeting: they were obseryed in 1750, in 1860, 
and wiU be there to-day ; whUe the disturbanee for Ino's time, 
marked near Morioka, aeeording to Dr. Naumann's own 
sketeh, has dieappeared eniirelg. 
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The metbod employed for drawing ourTes exactlyao* 
eording to the yalues f otmd muBt lead to unsatiBiaotory resulte, 
if the probable error is large in eomparison with the quantitieB 
determinedy as is the eaee in all three instanees whieh I 
mentioned. 

To Mr. Kn%pping^8 nnmed ohfeot%(m$, Lr, Naummnfiirther 
repKoi : — 

1. The map aeeompanying the paper has been desigpiated 
by myeeU : " a mere illustration to the notes.'' Haying eaid 
in these noteB : ** the euryes follow a erooked line and their 
eourse appeare to conform to eertain linee peeuliar to the 
configuration of the Tapanese iBlands/' it may be easily 
deeided whether it would have been reasonable or not to 
** BuppreBB " the einuationB. Eyen a roagh sketeh of a erooked 
line eannot look regular. I should eouBider it a quite unuBual 
method in physieal Boienee to reject obseryatiouB or roBnlts at 
onoe beeause they appear "improbable on the faoe of them." 
When I was speaking of ''the BmaUer-sinuations " I wanted 
to announee that there are smaller and larger sinuationB in the 
map ; the word small ean theref ore not be taken in an abBolute 
but only in a relative sense. 

2. The probable error of a number of yalues used for the 
oonstruetion of the Sado sinuation does not require speeial 
quotationy as it ean be determined quite independently from 
my notes. I haye said a number of yalues f ound by magneto- 
meter measurement were used. It is generally known to what 
degree of eorreetness the dedination must be determined with 
a magnetie theodolite. The mazimum of the amplitude of 
daily oseillation is likewise known. It may be stated howeyer 
that eyen an error of !(/ to either side would not be Bufficient 
to make that irregularity whieh I ealled the Sado-sinuation 
disappear. 

3. I haye not said that the magnetie irregularities in 
Oermany and in the Gulf of Einland ought to be eompared 
with those in Japan. Though detailed magnetio maps are 
yery soaree — those whieh are known show the enstenoe of 
irregularities, this is what I pointed out. If it be admitted that 
the magnetie euryes are Bubject to irregularitiesin their eourse, 
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ik mmj ba expeeied tbat tkeBe irregulairitiea will be £oaad of a 
diAereat obaraeter aad ef differeat exteat uk differeat parta o{ 
tbe world* 

4. The probable evror is Bot large in all oaaeBy but ii ie 
yery emall in a number of eases. Altogetber tbe outp ia 
queatioa does nob pretead, stawdin^ bjr iteelf, to offer fina] 
resulte ; it is mueh more iatended to be an indueemenito futare 
obeervatioa8| by wbieb alone tbe dLBtribution. of mbagaetism in 
Japaa eaa be sbowa in aa aoeurate and de&oiter way* 
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EL MAYON. 



En el estremo S. E. de la isla de Luzon, se alza aislado y 
magestuoso, el monte yoleanieo Mayon, en forma de inmensa 
tienda de eampaSa eoniea, tenida de un eolor gris Yiolaeeo 
eon manehas blanquizca8 y suroada por multitud de barran- 
co6 negros 7 reetilineos que se retuereen en euryas mas 6 menos 
mareadas al aeerearse d la emboseada base de la montana, 
que se presenta, ademas, ooronada de un inmenso y prolongado 
penaeho blaneo ^ue, & manera de enorme eatayientos, se 
estiende y abate impulsado por las f uertes eorrientes de aire que 
suelen reinar el la altura de 2.734™ que su euspide alcanza^^^. 

De noehe, el espeetdeulo eon la eruption aetua!, es mas 
hermoso todayia. Desde Albay, Legaspi 6 Daraga, la silueta 
inmensa del monte se destaea en negro, sobre un fondo azul 
oseuro salpieado de estrellas, euyo oentelleo ap^nas se distingue^ 
al ro]o y yiylsimo resplandor de las layas ineandeseentes que 
magestuosamente asoman d tray6s de las enormes grietas superi- 
ores del eono, que pareee entreabrirse deseubriendo su interior 
ardiente eomo el de un alto horno. Las layas deseienden 
apelmazadas y perdiendo brillo hasta que, deerepitando y 
8ubdiyidi6ndose al ehoear entre si 6 eon las aristas y salientes 
de la ladera, yuelyen k eneenderse oon mas f uerza y deslum- 
bramiento, asemejdndose entonees a una soberbia oaseada 
de f uego que se pierde en las laderas inferiores ; oseureeiendose 
luego el monte durante algunos segundos 6 minutosi para 
yolyer ^ iluminarse de nueyo, euando la laya alcanza otra 
yez loB puntos de salida. . 

Esta hermosa montada es muy oonooida en Eilipinas por 
su magnitudy por la regularidad de su forma y por la triste 
eelebridad de los estragos que, en sus erupeiones mas f uertes, ha 

(1) Segun Jagor y segan la earta de la Com. Hidrogr. de mariiui 
2622m. 
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eausado y eausa todavia i las numeroBas y rieas poblaeiones 
que Be estienden alrededor de 8u base ; apesar de lo eual, ap^nas 
X)uede oonoeerBe la verdadera historia de las mas importantes 
iases de su actividad Yoleaniea, porque no exiBten notieias 
anteriores i la conqui6ta del Archipi61ago, y las x>08terioreB 
Bolo Be refieren & las mas grandes eatdstroi es oeurridas. 

Erupciones. 

Segun los datos que hemoB podido eonstiltar sobre este 
interesante aBunto, la erupeion del Mdyon mas antiguamente 
oonoeida, ee refiere al ano 1716, sin que se tengan detalles sobre 
6u entidad ; pero el dia 20 de Julio de 1766 se oita otra, al 
pareeer mas oonsiderable 6 tal vez mas detalladamente deserita, 
en la que apareeio la euspide del eono eompletamente inean- 
deeente, viendoBe deseender hdeia el oriente una gran eorriente 
de lava durante 6 dias eonseouti^os. 

Tambien se eita la fecha del 23 de Oet® del mismo aSo 
eomo la de otra erupeum horrorosa^^^ que en poeas horas asolo 
el pueblo de Malf nao j cauB6 grandes estragos en los de Albay, 
OagBdua, Oamaligi Budiao, Ouinobatan y Ligao; pero este 
desastre debe en nuestro eoneepto atribuirBe, no & los fueg^8 
bubterraneos del Mayon, sino 4 la g^an eantidad de materiales 
ineoherentes que sus laderas eontienen, los euales fueron 
arrastrados k las llanuras de los pueblos inmediatosi y eon gran 
violencia, por una deesasterriblestempeBtadesgiratorias que en 
el pais se Uaman hdguioB. En las deseripeiones de aquella epoea 
se lee, en ef eeto, que, al mismo tiempo de la erupeion horrorosa, 
se manif estaba una f uerte tempestad por el 0. N. 0. que rold al 
Sur, expeliendo el voIcan tal eantidad de agua que entre Libog 
y Albay, eorrieron rios de mas de 30 varas de aneho y, haeia el 
S. O.y quedaron los eoooteros y otros drboles sepiiltados hasta 
su8 eopas. 

En el aSo 1800 tambien se eita otra eonsiderable erup* 
eion que eauso asi mismo bastantes doBgraeias ; pero la que se 
manifest6 el 1.^ de Feb.^ de 1814, es la que ha dejado mas 
prof undos y dolorosos reouerdos, por la imponente magnitud del 

(1) Estado geogr&fico de loa PP. Franci8cano8« 
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feii6iii0no.y los estragos que eauso. El Pdrrooo entonees del 
pueblo de Guinob&tan, testigo preseneial de aquella eat&strole, 
la refiere en estos t^rminos^^^ : *' Preeedieron, la noebe dntes, 
'' repetidos' temblores ; siguieron por la manana del dia 1.*^ eon 
*' un luerte saeudimiento & lo ultimo, ^ instantdneamente arroj6 
" por su booa oomo una nube que subia piramidal y formaba la 
" figura de un penaebo muy ristoso^'^ Gomo el sol estaba elaro, 
" presentaba diyersas ristas el f en^meno asolador. El pieo negro 
" iba h&eia arriba en sombWo, su medio en yarios eolores y su 
"estremo estaba de oolor eenieiento. Mas 4 pooo de estar 
" obeeryando este objetOy se sinti6 un gran terremoto seguido 
de fuertes truenos. Seguia asi arrojando laya^^' oon yiolen- 
" oia, euando & pooo se extendi6 la nube que f ormaba : osoureoi6 
la'tierra, inoendi6 la atm^s^era, y de la tierra se yeian salir 
rayoB y eentellas que se crazaban unos oon otros, formando 
una tempestad horrososa. A esto se 8igui6 instantaneamente 
'^una Uuyia tan terrible de gruesas piedras eneendidas y 
'' oaleinadas^*) que arruinaban y quemaban euanto enoontraban. 
'' Pooo despues piedras mas ehioas, arena y ceniza ; durando esto 
''mas de tres horas y la oseuridad eomo oinoo. Abrasu y 
'* arruino enteramentelos pueblos de Camaligy Oagsaua y Budi- 
'' ao oon la mitad de Albay, lo mismo el de G-uinobatan y menos 
'^ el de Bulusau por no oorrer haeia estas partes tanto la erup- 
^' ooiuy y porque el yiento le di6 la direooion al 9. La oseuridad 
" lieg6 k partes bastante distantes oomo k Manila e Yioeos, 
'' pasando la oeniza, oomo aseguran algunos, hasta Ghina, y los 
''truenos se oyeron en muohas partes del arehipielago"^^^ 

Humeando mas 6 menos, permaneci6 tranquilo el Mayon, 
terminada esa erupoion, hasta el aSo de 1827, en que oomenz6 

0) Estado geogr&Aeo ete. de los PP. Praneiseans, piltgina 256. 

W El llamado pino Yolelinieo que caracteriza el comienzo de la iase 
exploMipa 6 pliniana. 

(3) N6t<«se que se llama lava la nube de yapores j cenizaB que for- 
maban el pino volcanieo. 

W Bombaa pokdnieat que se yen hoy en las llanuras dnl S y del S. O, 
del Yolean y que por ru gran tamauo y aristas viva8, debe suponerse que 
no fu6ron transportadas por las aguas. Tambien exi8ten en la isla de San 
Miguely al £. de Tabaeo. 

(6) £]i estas apreeiaeiones es poaible qne haya alguna exageracion, 
poTque, : einando ent6nc68 la monzon del N. K^ laa cenizas no pudieron 
pMW poe l^o'la y Uogn k Gbina. 



[26] 

a maaiiediarse ot^a no tan ruidosa, qu6 dar6 haeta prt&oipios 
del aiio ttguionie. 

£n 1834 86 manif estaron eorrientes de laya ineandoaeente 
quey desde la ouspide, bajaba en todos eentidos a lo large de 
lo8 barranoos euperiores ; permaneeiendo en este estadOi oon 
periodos de aumento 6 disminueiony basta el mes de Mayo del 
aSo siguiente, en que durante algunas horas se vi6 una erup- 
eion de piedras y ceniza8 lanzadas solo k pequefia distaneia de 
la eumbre, oyendeee al mismo tiempo un ruido 8emejante al 
de un fuerte trueno. 

El 21 de Enero de 1845 se oy6 nueyamente un ruido f uerte 
Bubterraneo, mani^estandose una erupeion de unos diez minu- 
tos, que se repitio un euarto de bora y una hora despuee, 
apareeiendo lu6go una nube de ceniza8 que eayeron Bobre 
Gamdlig y Guinob&tan & donde el N . E. las impulsaba. Se oy eron 
durante algun tiempo ruidos subterr&neos, que de dia, se 
asemejaban al de multitud de piedras que ehooason entre si, y 
de noehe, al de una lejana easeada. Estos fen6menos fueron 
debilitdndose pooo a poeo hasta terminar por eompleto al eabo 
de una semana, sin que esta erupeion hubiese que lamentar 
ninguna desgraeia personal. 

. En el a2o siguiente de 1 846 ocurri6 tambien otra erupeion, 
y en el de 1 85 1 se obserraron otras dos insignifioantes de cenizas. 

El 13 de Julio de 1853 se anuneio una gran erupoion oon 
ruidos eonsiderables eubterr&neosy pero sin terremotos ; mani- 
fe6tdndose en ef eeto i medio dia una alta oolumna de ceniza 
en f orma de arbol ; yiendose rodar al mismo tiempo, hasta el pi6 
de la montaSa, piedras ineandeseentes que destruyeron muehas 
easas, produeiendo la muerte de 33 personas. Ouedaron, todos 
los pueblos de la base del volcan, reeubiertos de una eapa de 
oeniza, apesar de que el fen6meno dur6 solo hasta la teurde. 

En todo el ano de 1858 se manifest6 easi sin interrupeion 
una suave deyeeeion de lavas que, en las noehes daras, se veian 
oorrer inoandeseentes por las yertientes de la montafia. 

En las noehes despejada8 de los aSos sucesivoSy se ob« 
Bervaba & veces eierto resplandor en la eumbre ; pero no voIvi6 
d mani^estarse una yerdadera erupeion, hasta el 8 de Die^ de 
1871. Amaneoi6 el dia peroibiendoBe alguoos ruidos subter- 
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r&neOB, y habi6ndo6e oido tres muy f aertes entre siete y oehoy 
6e Yio en la euspide del yoloan una gruesa eolumna de humo 
qtte, elerdndose magestuosamente 6 bastante altura, f u6 espar. 
ci6ndose y deseendiendo lentamente ; notdndose en seguida la 
salida de oenisas, arena y lavas, arrojadas oon poea yioleneia, e 
impulsadas las primeras por el viento N. E. haeia Oamellig y 
Ghiinob&tan, en ouyos pueblos tenian que andar oon luoes, 
huyendo muehos habitantes h^oia los oerros del : tal era la 
eantidad de oenisas que oaian, y entre ellas algunas pelotillas de 
lodo del tamafio de balas de fusil y mas pequeiias. A las 
diezy oomen^o A despe]arse, dejando sobre los oampos y tejados 
una oapa de oennsa que tendria un espesor de 4.°^ A la una de la 
tarde, reorudeoi6 la erupoion oon fuertes detonaeiones y relam- 
pagos, y por la noohe pudo ya verse el monte iluminado por los 
BurooB de lava que desoendian h^oia la parte do Albay y 
Legaspi, arrollando toda la vegetaoion reoreoida en los 12 aSos 
de oalma que se habian esperimentado. Las aguas de los rios 
de Camdlig y OuinobtUan y el Ouinali, se tiiieron de un oolor 
plomizo 8emejante al de las cenizas que llevaban en suspension. 
En la vi8ita de Booton hubo dos personas asfixiadas, y una 
quemada en la de Buyuan. 

El 31 de Oot*^ de 1875, que algunos oitan tambien oomo 
f eoha de otra erupoion, solo se eiperimentaron, segun todas las 
aparienoias, los efeotos de un f uerte bdguio sobre el inmonso 
oondensador, oompuesto de materiales ineoherentes, del oono 
volo&nioo. Oauso sin embargo 1500 v{otimas y enormes des« 
trozoB materialeB, mayores que los de las erupoiones volcanioa8 
oonooidas. El Sr. Drasohe refiere este heoho eomo un ejemplo 
de lo dif fcil que es oonooer bien eiertos heehos, aun en los puntoa 
mas oeroanos de donde oeurreui puesto que, segun dioe, se atri- 
buyeron en Manila 4 los fuegos del voloan el desastre de 1875 ; 
y efeotivamente, aun en el mismo Albay, no faltaron personas 
que nos aseguraron que el volcan tuvo una verdadera erupoion, 
al mismo tiempo que el temporal. 

Diez a2os permaneeio el Mdyon tranquilo y silenoioso, 
hasta que, en la noohe del 6 de Julio de 1881, aperoibieron los 
habitantes de Tabaoo, apesar de la Iluvia que oaia ft torrentOB, 
un resplandor viv{Bimo h&oia la oumbre del monte, qu6 boIo 
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hoy haeia el S. y 8 J9.E. de las yertientes, algniiaB de ellas mtiy 
ha/ae, oaei en la mitad de la altura del eono. 

En nuestro eonoeptOi taato la mitma abundanda de loi 
puntos de salida de la laya, que la haee repartir sobre una gran 
8uperficie de laa laderas, oomo el estado inooherente de ella, que 
laoilita su transporte y arrastre, layoreddo ademas por la 
empinada pendiente del eono, haeen que no puedan oonseryars 
los oonos parasitosy aooesorios 6 subordinados que equiyocada* 
mente eeha de menos Drasehe en la mayor parte de los yoleanes 
de la isla de Luison^» 

YeamoB ahora la oonstitueion hidrograiiea y orogr6fica 
del M&yon. 

HlDBOGBAPIA. 

La region orografica de este monte est& limitada prind- 
palmente por los rios Quinali de Tabaeo, 6 del N., Quinali de 
Ligao 6 del S., el Paulug y el Ydna. Los mas importantes por 
su oaudal y por las regiones orogr4ficas que entre 8f separan son 
los dos Quinalis. 

El primero naee, entre Guinob4tan y Oamilig, de yarios 
arroyuelos que unos yienen de las f aldas del Mayon, en direo- 
eion N. d. S.y y otros de la falda ooeidental del monte Quilui- 
naui en direoeion oontraria; oorriendo luego al 0. N. O., y 
desaguando en la laguna de Bato de la proyinoia de Oamarines 
Sur, oon eaudal y eauee ya 8ufioiente8 para permitir la nayega- 
eion en baneas deade Polangui. La oomfirca que bana este rio 
se Uama partido de la Yraya, que ha side por eierto general- 
mente el mas oastigado por las erupeionea del yokan. 



(1) Eq efecto, de los Yoleanes que hemos teaido hasta ahora oeaaion de 
ver, aanque no de estudiar todavia, podemoa eitar en l^ termino el gran 
Bun&jao qae, haeia la parte de Lueban, tiene el eooo sobordinado llamado 
el Bauajillo, y tal vez por un estudio detenido pueda tambien eonBidet&rsele 
subordinado el S. Cri8t6bal ; el MaquiliQg qQe tambien lo8 tiene haeia el 
barrio Biting de Bay y haeia los Banos ; his numerosas boeas volc&nica8 que 
e^isten entre el 8. Crist6bal y cl Maquiling, en la eomarea de Yum Calan- 
an y S. Pablo; y probablemente tambien en otros muehos volcane8 que han 
sido muy poeo estudiados hasta ahora ; pero de todas maneras, los AJemplofl 
eitados prueban que el heeho no es tan generalmente oaraoterlstioo de IM' 
zon eomo supone Drasehe, y esto confirma, una vez, mas lo espuesto de 
eiertas generaUsadones te6rioas aobre palaeB poeo oonoeidoa y materias tan 
delieadas. 
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El Oninali de Tabaoo, al N., y el Pa&lug, al 8., eomn en 
opaeBtas direeeiones, iormando nna estreeha garganta que 
eepaia laa masas montaSosas del Mayon 7 el Masaraga, y por 
ella sigue el eamino de herradura que une entre ni los pneblos 
de Tabaeo y de Ligao. 

El primero de esos rios, tiene su f uente prineipal en una 
peque£[a laguna del Masaraga, y, bajando haeia el NE., 
desemboea en el mar, muy eerea del pueblo de MaKnao, oon 
un eauee y un eaudal de aguas tambien muy oonsiderable, 
pues reeoge gran parte de las de la ialda N. del Mayon y oasi 
todas las de la parte oriental del Masaraga. 

Muy eerea de la importante yisita de S. Antonio, en un 
barrio que se Uama Tanealao, esiste una f uente f erruginosa que 
ha adquirido eierta nombradia por haber produeido sus aguas, 
osadas en bebida, algunas euras en eiertas enfermedades. 
Brota en la ladera izquierda del rio, frente i un mogote vol- 
c£nico situado en la opuesta mdrgeuy y sus aguas, de un mar- 
oadisimo sabor estiptieo antes de meeolarse eon las del rio, 
dejan sobre la dolerita un oonsiderable manohon de 6xido 
f errioo hidratado. Esta dolerita, en las oereanias del manantial, 
sepresenta algo deseompuesta; tanto por los ef eotos metam6rfioos 
aotualeSy de las aguas ferruginosas que la penetran en yarios 
puntos, impregndndola fuertemente de 6xide ferrioo; oomo 
probablemente tambien, por la aooion que han debido produoir 
sobre ella las rooas yoleanioas y yitress del mogote Tanoalao. 

Ea este punto se obserya un ourioso oambio de direooion 
del rio, produoido probablemente por alguna de las erupoiones 
del Mayon. Al salir del barrio S. Antonio, para ir cl Tauoalao, 
hay una bajada, formada por un oantil que, easi limitado hoy 
en aquella parte por el arroyo que ba]a de Buh{an, se dirigo al 
O.S.O., por el Bantayan, ye se reune por fin al oantil que forma 
all{ la margen dereeha del rio Quinali. Este oantil senala 
indudablemente la antigua margen del rio, que dejaba, pues, 
a la izquierda el oerrillo Tanoalao que perteneoe, por lo tanto, 
£ la region orografica del Masaraga, aunque hoy parezoa per- 
teneoer & la del Mayon. Esto no quiere deoir, sin embargo, 
que no pueda haber proyenido de alguna booa subordinada a 
este ultimo yoloan. 
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El rio Pa^lug es de menos importaneia qne el qn0 aoaba- 
mos de oonsiderar, ye oorre en direoeton N. E. i S. 0. Naoe en 
la misma garganta por donde pasa el eamino de Ligao j Ta- 
baeOy 7 desemboea en el Uuinali del S. 

Por ultimOy el rio Yana estd formado por la reunion de 
dos arroyos qne bajan respeetiremente del M4yon y de los 
montes duituinan y'Oag, en direoeiones opuestas de N. y 8., 
oorriendo h&eia leyante, luego que se'reunen eerea de Maldpod, 
para iormar el Yana, entre el eerro Lingion y el Mdyon, de-* 
semboeando al N. de Legaspi en el seno]de Albay. 

Uno de sus aAuentes, el llamado arroyo Busay, presenta 
oerea del puente de la oalzada de Daraga d Oam^lig una 
hermosa easeada de poea altura, pero de abundante oaudal de 
agua. El otro, que ba]a del Mayon y que pasa muy oeroa de las 
ruinas del destruido y no reedificado pueblo de Budiao, recoje 
las aguas de un abundante manantial 8ulf uroso, ligeramente 
termal, que posee, segun se asegura, propiedades medieinales. 
Analizadas en 1850 estas aguas, por D. E. Bobertus, dieron el 
siguiente resnltado : ^'^ 

Oloruro de sodio (/579. 

SuUato de oal (/403. 

Garbonato de eal 0'314. 

Hidrogeno 8ulfurado 0^283. 

Agua .998^421 . 

lOOO'OOO. 
Ademas de estas eorrientes, que limitan el macizo mon- 
taSoso del Mdyon, existen una multitnd de barraneos y arroyos 
radiales, easi rectil(neos eerea de la euspide, dada la regulari- 
dad de la forma eonioa del monte; que mas abajo se reouryan 
para desemboear en las eitadas eorrientes prineipales 6 en la 
niar. Entre ellos los mas notables son el Bulauan, el Parel, el 
Gagb&jai y el Bigd que desemboean en los senos de Tabaeo 6 
de Albay. 

Orograpia. 
La orografia del M&yon tomada en conjunto, es bastante 

seneilla, puesto que su f orma eoniea, que hemos oomparado el la 

^— ^— ^— ^ .11 I ■■I..I1 11 i.»—^— ■ 

W Estado geogriiaeo ete pag* 272. 
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de una inmensa tienda de eampaSa, sorpende por su rega- 
laridad y aislamiento. Sin embargo, observado oon deteneion, 
presenta algunas pequefias irregularidades orogrdfices i ^l 
subordinadasy eomo son las eolinas eomprendidas entre los rios 
Bulauan j Dugd.s j los eerros aislados de Tanealao, al N., y 
Lingion, al S. 

La parte superior del oono, mirada k simple vista, termina 
easi en punta ; pero observada eon alguna deteneion, y sobre 
todo eon an buen antejo desde Legaspi, Albay 6 Daraga, se 
Te un pequeSo truneamiento en f orma de media luna, eon dos 
emineneias ; de las que la del 0. (izquierda del dibujo 3) es la 
mas alta, eonstituida por un potente lastron inolinado, euyo 
asiento despide vapores blaneos. Haeia al E., (parte de la 
montaSa que mira d L{bog) se ve asomar un eono rudimentario 
qne humea, detrds del eneostrado blaneo que por aquella parte 
se re,producido probablemente por la kaolinizacion de los f eldes- 
patos y produeeion de suUato de eal i favor de los vapore8 
suUurosos y eal eontenida en las lava8 doleritieas y basdltioas. 
Debajo de la emineneia mas alta 6 lastron inelinadOy se distin- 
gue, aun a simple vista, un enorme pilar que, rodeado asi mismo 
de una eostra blanquizcay se asemeja a la torre de una iglesia, 
rodeada de blaneo easerio. Este pilar, en el dibujo saeado por 
Drasehe en Abril de 1875, lo representa(^> muy eerea de la 
eumbre, lo eual pareee indiear que desde el prineipio de la 
aetual erupeion, comenzada, eomo bemos visto, en Julio del 
afio anterior de 1881, el eono ba aumentado en altura toda 
la parte superior el la linea ah de nuestro dibujo ; euyo heeho 
no es inverosfmil, aunque pareee que debiera haber ido acom-> 
panado de eierta fuerza erupti^a, que no pareeen haber obser. 
vado los habitantes de los pueblos de la f alda. 

Las eolinas del N.E., que dominan al pueblo de MaliKpod 
presentan dos 6 tres eumbres en serie lineal, de forma8 eupuloi- 
des que lo mismo pueden atribuirse a eonos parasitos, modi- 
ficado8 por las erosiones eonsiderables del Mdyon, que & una 6 
Tarias potentes eorrientes de lava que se hubieran insinuado en 
aquel sentido ; semejantemente i lo que Drasehe supone en las 

Ci) Bol. de la Gomo del Mapa Geol, de Espa&u Tomo 8.*. caad<* 2.% 
P8g« 337 (09). 
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Goliai^s que se eueuentran al 0. de los Toleanes apagados Yriga 
y.Malinao. 

El eerro Tanealao, situado al S.O. de la Yisita de San 
Antonio ^urisdieeion del pueblo de Tabaeo, di]imos ysL, que 
pr^senta la forma de un mogote, aislado entre el eauee aetual y 
el antiguo del rio Quinali del N., formando haeia este ultimo, 
un tajo Yertieal 6 aeautilado, al pie del oual pasa el oamino de 
Tabaeo a Ligao. 

Be forma analoga, aunque de masa un poeo mas eonside- 
rable, se presenta el eerro Lingion al N. de Albay y Daraga, 
aJ^ pie del Mayon y a 61 subordinado ; sin que pueda explicarse 
Buiormaeion, lomismo que la del Tanealao, mas que suponien- 
dolos restos de eonos volcanicos subprdinados, pueslasaeeiones 
atmos£ericas de por s{ solas, dun aetuando sobre los materiales 
sueltos, que Draselie supone que eomponen la totalidad de esta 
eolina, dificilmente Uegarian d formar nunea un mogote tan 
aislado y de tanta eonsideraeion eomo el Lingion. Puede Yerse 
en la vista general del Mayon que aoompana a esta Memoria. 
el aspeoto y proporeiones de esta oolina. 

Geologia. 

La eomposieion petrologiea de esta montana es bastante 
uniforme| eomo generalmente sueede en todos los yoleanes 6 
regiones de epmposieion yoledniea, sobre todo si, eomo aeonteee 
en el ]k(ayon, la eomposieion 6 distribueion interior de los 
diques y eapas de las diyersas eruptiones, no pueden estudiarse 
en el mismo monte, por la falta de uno de esos barraneos pro- 
fundos, eomo los eUsieos del Bore en el Etna y el de las 
Angustias en Palma. La hermosura y regularidad misma del 
Mayon, oeultan hoy por hoy los detalles de su estruetura o 
e8queleto interior ; pero no perdemos la esperan^a de allegar 
tal Yez algunos detalles mds de los que hoy eonoeemos, si Tolve- 
mos & vi&itar este soberbio eoloso, en meses y dias mas apropusito? 
y oonyenientes para su estudio que los de que pudimos disponer 
en nuestra visita de los ultimos dias de Die^ dil ano anterior^i^ 

(1) Reinaodo entonees eon toda bu faerza la monzuQ del N. E. que 
direeU^mente azota toda aquella eoata, loa eaminos seeundarios y mueho 
mai loi barra&oos y Indms del mo&te, 08taba& intnaaitablea y a reoes. 
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Tomado en conjunto, el Mayon se eompone de roena 
eseneialmente bas&ltieas, f onnadas de f eldespato y augita, eomo 
elementos dominantee que imprimen earaeter i ias masas p6treas 
del monte ; ya eompaotas, en los diques ; ya layioas 6 espon^osa^, 
en las oorrientes de laya ; 6 ya e8corif ormes y metamorflzadas 
por la aeeion de los manantiales gaseosos £cidoB del mismo 
Yolean, en las deyeeeiones aetuales. 

Las lavas fragmenticias que aotualmente arroja, presentan 
yariedad de aspeotos petrologieos. Oomo tipo mas Aiiido hemos 
reoogido, todayia ealiente, en el barrio de Bueton, una lara ba- 
sdltie^ esenoialmente augitiea y algo esoorif orme, que oasi puede 
designarse oon el nombre de esooriai aunque no tan espon^osa 
y tan earaeteristioa eomo las que se enouentran por e^emplo en 
el Tolean de Taal. 

Tambien arroja numerosos oonglomerados que Uamamos 
UyieoSy para indiear su formacion en trozo8 de yerdadera 
dolerita eompaeta ; a yeees de gran tamaSo, enyueltos en otra 
laya basdltiea semiyitritieada que ha seryido de oemento, pero 
jMr la ma ignea, para distinguirlos de los oonglomerados de 
materiales yolednioos sedimentados 6 depositados por la aoenoii 
del agua. En estos oonglomerados, se obseryan aobre la doIe« 
rita, que es la roea mds f eldespatieay eostras de yeso eristalisadOy 
eristalino y fibroso, formado por la aoeion de los gases 8ulf ur- 
0B08 Bobre la base cal{f era del labrador, y aun de la augita ; eomo 
nn onrioso efecto de la aeoion metamor/iea aetual de los gases 
yoleanieosy sobre las rooas tambien yolednieas. 

8e presenta tambien i yeees la dolerita muy desoompuesta 
y kaoIinizada, notandose en este easo que ap6nas se f orman las 
eostras de yeso, sin duda porque la desoomposioion se ha heeho 
bajo la aeeion de otra elase de yapores que produeen otros 
eompuestos. 

Las doleritas eompaetas y poeo deseompuestas, que f orman 
algunos de esos eonglomerados Myieosi pareeen reyelar que han 

eompletamente inaeeedblas. En nuestra aaeension» el viento laertisimo» 
la lluvia y la multitud de sangui^uelas que se nos pegaban en todo el 
euerpo, aomentaban la enorme latiga de la subida, por pendientet de 80.* 
y 40."*, 6 impedian haoer buenaa obBerraeionea. En tiempo seoo (Abril y 
Mayo) solo hay que yeneer la fatiga natural de la diflcil subida. 
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&Ido arranoadaB de las paredes de los oonduotoa yoloaniooBi 
eement&ndose en la laya eseorii orme yitrificada que Iob enyuel* 
ye, y permaneoiendo muy pooo tiempo en OBte estado, dada bu 
eBeasa deseompOBieion ; a8f eomo Iob trozoB maB deBeompueBtos 
han sentido la iuAueneia del ealor y de los gaeoB de laB layas, 
permaneeiendo mas tiempo en los espresadoB eonduetOB in- 
teriores. 

El estado pastoso, BemisoMeado en que las layas se presen- 
tan puede espliearse suponiendo que el laboratorio yole&nieo de 
donde proeedeny estd situado d gran proiundidad, 6nfriandoBe 
6 BoliiieandoBe eonsiderablemente, antes de Uegari oon alguna 
lentitud, a la superEeie de las laderas 6 boeas de deyeoeion. 

EsoB mismoB eonglomerados, pareeen tambien demoBtrar 
que, el es^ueleto del Mdyon, estd formado esoluBiyamente de 
doleritasi que son las roeaB arranoadas de las paredes interioreB ; 
y que el tipo mas yerdaderamente basaltioo proyiene de las 
erupeiones mas modernas 6 eontempordneas. 

Las doleritas son exaotamente iguales d las que presenta 
el Sungay y el Taal en BatangaSi y mas eBpeoialmente i laa 
del Maqu(ling ; y segun Hothi que yio los ejemplareB reoojidos 
por el yiagero lagor, son tambien identioos i las del Etna, hasta 
el punto de no distinguirlas entre Bf. Est&n oompueBtas de 
ieldespato labrador y augita, oon algunos granos de oliyino y 
hierro magn6tico ; presentdndose de un oolor gris 6 rosdoea y 
d yeeoB hermoBamente porf fdica8| en ouyo oaso los elementOB 
aooesorioB easi desapareoen. 

Sin embargo, en nuestra asoension, heoha por la parte del 
£.N.£.| en la ^urisdiooion del barrio Bonga, enoontramos & 
1000 y 1500^ de alturai en el eauoe del rio Bulauan y de loa 
arro]ruelos aAuentes que tuyimos que atrayesari un basalto 
Myioo un pooo oeluloso, pero no e80oriforme» en algunos par- 
agesy oon oardoter porfidioo; oonstituyendo una yerdadera 
basanita quei por el yaoimiento, pareoia oonstituir una no muy 
antigua oorriente de laya. 

Subiendo el monte(i) se enouentran en primer t^rmino, 

'i) Drasehe eita boIo la aReension de doa EseoeeeeB, la del viag6ro Jagor, 
y la stiya propia ; y eomo ^sto podria haeer ereer & muehoBi qa6 n&die m&B 
hf(])ia tuli^o al Teleasi delemos poaniieBtar qae ya en 1692 se oita la 
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oon atuiTt aimas pendientes, eapas de arenas Bueltaa puramente 
Yoloaoieaa, separadas de treoho en treeho por una espeeie de 
leehoB de eantos mayores, de suerte que figuran una espeeie de 
pelda2os espaeiados de 50 £ 30 metros, los eualeB han debido 
eTidentemente tormarse por aTenidas y erupoiones sueeBiyas. 

Mas arriba, la pendiente Ya pronunoi&ndose, j los mate« 
liales de las arenas se haeen mayores ; desapareeiendo & los 
600 metrosla region oultivada^^>, que se sustituye por el boBque 
maderable. SueesiTamente se ra este haeiendo mas daro y mas 
raqu{tico, y se presenta el suelo mas eompaeto, eon las eorrientes 
de laTa que hemos indieado mas arriba. 

A los 1500 metros de altura sobre eLniyel del mar, la ve- 
getaoion est& easi esclu8ivamente oompuesta de altas yerbasy 
y la pendiente de las laderas es pronuneiadisima y sumamente 
latigosa. Sobre la masa basdltiea del leeho del rio Bulauan, se 
yen en sus laderas materiales gruesos ineoherentes, de la 
misma naturaleza que los reGojidos en Bueton & 700 metros de 
altura, oon la dif erenoia de no enoontrar en aquellos los enoos- 
tramientos de yeso que en oBtos se observaban eon abundanoia. 

Mas arriba, los materiales sueltos van siendo mas nume- 
rosos y mas yanados, aunque todos ellos revelan ]}pr su 
aspeoto exterior, generalmente reoubierto de una eapa de 6xido 
de hierro pardo, que no son produetos de muy modemas 
erapeiones ; lo oual tambien eomprueba la vegetaoion exLstente, 
^ue^ aunque raquitioa, llega por aquella parte hasta muy 
(Area de la oumbre^^ 

Meension de dos P P. Francucano8, uno de loa eualen encontr6 dot boea»^ 
que le impidieron aTanzar, y el otro recogi6 nna buena poroion de atufre, 
Kl 11 de Marzo de 1823, el Oapitan Don Antonio Sigilensa, 8ubi6 tambien 
al Yolean, obteniendo por eate heeho ona medalla de U Soeiedad Econ6mica. 
Por iiltimo, en lot pnebloe qae rodean al Tolean, yiyen algunos EspaiSoles 
y mnehoB Indloe qne han Uegado k la eumbre en 6poca8 de tranquilidad 
Tole&niea. 

(1) Ee neoesario no olyidar qne noa referimoB al N. B. de la montaSa; 
h&oia el S. la parte enltiyable esta maa baja. 

(*) Eate heeho lo hemos eomprobado personalmente nn embargo, el 
Seaer Drasehe diee (Bol. T.*8% pag* 334) : " Paaando al pi6 del Albay, 
tnye oearion de examinar atentamente la montaila por au parte oriental. £1 
boeaue ap6nas alcanza aqai la euarta parte de la altura y siguen hasta la 
enmbre montones de eseoriaa." Es porible que e»te heeho le rettera d la 
parte meridional per donde 8Qbi6, y en la qae efectiTamente 90 TeriAeaeBto. 
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£1 estudio de esta euidbre no ha podido haeetse, hasta el 
presente, ni aun por aquellos que la han alcanzado en 6pocas de 
tranquilidad volcanica de la montaSa ; pero por sus conf usas 6 
muy eoneisas deseripeiones pareee dedueirse que no existe un 
yerdadero erater en forma de ealdera, y que si ha esistido, pro- 
bablemente ha debido rellenarse por los materiales del interior 
que, lanzado8 eon eseasa yioleneia y en sentidomuy yertieal, han 
podido eaer nuevamente dentro, obturando el erdter. Lo que 
hoy puede yerse, ya sea desde cualquiera de los pueblos de la 
falda, ya desde la ladera misma, donde nosotros lo eontem- 
plamos bastante eerea, es una espeeie de enorme eriba, f ormada 
por una eseombrera de grandes eantos, amontonados en desor- 
den por entre los euales salen numoros^simos dardos de yapores 
que reunidoB forman el inmenso penaeho del yolean; pero 
pareee indudable que la laya solo la emite ya, d lo menos en la 
aetual erupeion, por las boeas seeundarias 6 hendiduras del S. 
de la montana ; y probablemente ha debido sueeder lo propio en 
las lUtimas erupeiones anteriores, si se atiende al estado dc la 
yegetaeion de las laderas hdeia todos los rumbos. 

Asi eomo, hdeia el S., la yegetaeion termina cL unos 7 00,™ 
de altura sobre el niyel del mar, aeabamos de yer que, hdeia el 
oriente Ilega hasta muy eerea de la eumbre, y otro tanto suoede 
haeia el N. y haeia'el 0.; indieando esto que los produetos de 
las erupeiones, haee mueho tiempo que no salen en esas diree- 
eiones, y que, por lo tanto, si la salida de los materiales interi- 
ores persistiera en el mismo sentido en que hoy se emiten, Ik 
montana avanzaria sobre el mar haeia el seno de Albay. Ademas, 
esta persisteneia en la salida de las layas haeia el S., demuestra 
que la ladera del N. es mas resistente y se han soliditieado y 
rellenado todas sus grietas ; 6 bien que el eondueto 6 ehimenea 
yoleaniea presenta un buzamiento haeia el N. que eon el tiempo 
destruira la aetual regularidad de la montana. 

En euanto cl la eomposieion de los eerros aislados de 
Tanealao y Lingion, el primero, ademas de eontener una 
dolerita id6ntica a la del Mdyon, presenta un f eldespato blaneo 
mate, en fajas 6 eapas que pareeen eonereeionadas, eon eristalil- 
los de miea negra y algunos que paxecen de broneita ; y un 
dique, f ormado de una retinita gris, eon yeniUas negras en dos 
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sentidos easi perpeBdieulares, de una espeoie de obsidiana, y 
eristaliUoB, tambien de miea, interpuestos en la masa total, 
re8quebrajada de tal modo que, deshaeiendose en granillos, tal 
▼ez pudiera claAificarse mejor eomo una yerdadera perlita 6 
galliaeeay teniendo en euenta su indole basaltiea. 

El eerro Lingion esta esenoialmente eompuesto de dole- 
ritas Myieas oseuras, de las que forman un trdnsito al basalto. 
En la 8uperficie, se eneuentra gran eantidad de rapilo, f onnado 
de felde3pato, y numerosos eristalillos de augita ; pero no esta 
eolo y esdusiyamente eompuesto de estos materiales ineoher- 
entes y deleznables, eomo Drasehe supone^^^ atribuyendoles el 
origen de la forma de esta eolina, puesto que, en algunos bar- 
raneos, se deseubren las doleritas layieas que hemos indieado 
y otras rojas escoriformes. Por otra parte, ya dijim08 antes 
qne no se eomprende eomo, aun suponiendo que estuyiera 
eompuesto de rapilos, ha podido llegar a adquirir la forma 
eoniea que esta eolina presenta. 

En euanto & los eerros que f orman y rodean al aetual em- 
plAzanuento del pueblo de Oagsaua (Daraga), y los que for- 
man la baja y pequefia peninsula de los pueblos de Baeaeay 
y Libog, estan eompuestos de tobas yole&nieas, peperinos y 
breohas de eantos y elementos dolen'tieos, empastados en una 
eBpeeie de areilla gris, exactamente igual a las eenisas del 
yolean, oxidada en muehos puntos y eonyertida en una espede 
de oere pardo 6 amarillento. La e^isteneia de estas eolinas debe 
pues ser posterior d la aparieion del f oeo yolednieo del M&yon, 
i no ser que puedan relaeionarse sus materiales & los foco8 ya 
apagados del Masaraga 6 Malinao. Este heeho, solo podrd 
yeri^earse en el supuesto de que las roeas yolednieas de estoa 
iiltimos foco8 estinguidos, presenten un tipo 6 eomposieion 
distinta de las que caracterizan al Mayon. 

Por lo que se reSere d la cla8ificacion del estado de aetiyi- 
dad 4e este yolean, si bien presentaria eierta utilidad pr&etioa, 
para ealeular el peligro de las poblaoiones que le rodean, no 
ereemos que sea f aeil de haeer, eon los aetuales eonoeimientos^ 
sobre esta delieadisima rama de la geologia modema. Drasehe» 

(1) BgL ds la Goin& del Mapa Geol. de EspaiU T.^ 8.% pa^* 838. 
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admitiendo Iob periodOA de aetiyidad Tole&niea que Stor distin- 
gue, supone que el M4joa ha entrado en el 2,^, 6 sea en 61 de 
derrame de torrentes detr{ticoB de lara^^^ 

No sabemoB haBta que punto puede ser generaknente eierta 
esta elasiAeaeion, puesto que, elrouuBeribiendonoB a los es- 
treehoB Umites de la hiBtoria eonoeida del Mayon, yemoB que, 
unaB veceB ha preeentado Bolamente ligeras erupoiones de 
oeniza ; otraH eselusiyamente derramee de laya ; y, oaBi siempre, 
Balida de amboB elementos eruptiyOB, pero en un orden inyerso 
al que eomo mas general admite Drasehe, es deoir, preoediendo 
las oenizaB i la deyeeoion de las layas 6 d Iob per{odoB en que 
redobla bu aotiyidad. Este heoho, puede esplioarse facilmente» 
en el supuesto probable de que las oenizaB yolodnioas proyengan 
de la trituraeion 6 rozamiento de las rooas que mas 6 menoa 
interoepten los oonduotos interiores, suponiendo que laprimera 
f uerza impulsiya de la erupoion Kmpia, por deeirlo asi, los 
oonduetos atuidoB, arrojando al exterior los materiales p6treoB 
y pulyerulentoB que se produoen. 

Admitiendo, en todo oaso, la elasitieaoion de Stopani, no 
para caracterizar el estado mas 6 m6noB ayanzado de deerepitud 
del yolean, sino oomo oaraoter 6 /ase de sus erupoiones ; podre* 
mOB deoir que la de 1814 presento la pliniana 6 de e^plosion, y 
qtte la aetual puede designarse eomo de deyeeeion 6 eetromhO' 
liana; presentdndose en los periodos intermedios, de aparente 
tranquilidad, bajo la /aee de simplee emanaeiones 6 de eol/aiara» 

Supone ^sto que no yuelya ya i presentar jamds la fa8e 
explosiya 6 pliniana? Nddie oreemos que fuera capaz de 
asegararlOy no solamente para este yoloan^ ouyaB 8ignificatiya8 
deyeeoiones aotuales y la presenoia permanente de su inmenso 
penaeho, nos ayisan el peligro de tal supoBieion ; sino que en el 
mismo yoloan de Taal, que Drasehe supone en el 3.^ de los 
periodoB de Stor^ y aun en el Maqu{Iing 6 en el Ysarog, que en 
todo el periodo historioo oonooido, han permaneoido en el mas 
abBoluto BilenoiOy y en ouyos ordteres e^isten drboles Beoulares 
que haoen retrooeder mas la fecha de esa tranquilidad ; 
pueden muy bien oourrir todayia oat&stro^es deBoladores, que 

0) Supone qa6 el !•* prodazGa solo deyeoeion de laya y el 3.* erup* 
donw de oer^'ta. 



[41] 

den el ment{8 mas absoluto & todas esas hipotetieas snposi- 
eiones; arrojando por bub antiguos erateres, u otroB que al 
efecto Be abran yiolentamente, torrentes de laya y de fuego, que 
aiembren la desolaeion j el espanto en laBf6rtile8 eomareas que 
lea rodean. 

Lo8 puebloB situados en la base del M^yon, saben perfeo- 
tamente la peligrosa yeeindad del colo80 que les domina, j sin 
emhargo, bu poblaeion aumenta eada dia : y es que sus laderas 
alimentan una soberbia j yigorosa yegetaeion, que eonstituye 
la riqueza de la proyineia ; y presienten que, eomo diee Sir C. 
Lyell, de las ealamidades que forman el obligatorio lote de la 
humanidad, las mas desastrosas, deben atribuirse & las eausas 
morales, y no a las ff8ica8 ; i los sueesos que el hombre hubiera 
podido domeSar, m^s que a las oatastro^es ineyitables que 
resultan de la aeeion subterrdnea. 
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SEOTION I. 
General Obseryations anb Effects, 



Deseripiion of tke £arthqudke in Manila, 



Sinee tlie remarkable eatastrophe of 1863, whieh destroyed 
its priaeipal buildings, burying under them many Tietims, 
this eapital has enjoyed a relative rest whieh has been 
improTed to deyelope the wealth of the eountry. The shoeka 
of 1869 and 1872, not being aeeompanied by disastrous efiPecta, 
did not retard this prosperity, and all who had liyed hero sinee 
that time saw with the utmost sati&faction the rapid progress 
whieh during the last ten years had been made in eommeroey 
nayigation, industry and eyen in the arts; but this liyely 
satis^aetion was imbittered from time to time by the recolleo« 
tion, the sad tradilion, the quasi geologieal law, that f rom the 
conquest down to our days these phenomeaa at interyals of teu 
or twenty years neutralized by their fearf ul consequenoeB the 
pn^ess made in the mean time. 

On the fourteenth of July 1880, at 12.53 at nigbt, the firBt 
ahook happened, and this, although short, was the most seyere 
whieh had been experienced in Manila for seyeral yeara. 
The motion was f ound to be in two direotions, nearly at right^ 
angles with eaoh other, the Arst from South-east to North-west 
and the seeond f rom South*west to North-east, whieh seems to 
indieate the eiistenee of two distinet foci of equal intenaity o{ 
aotion, one in the seeond quadrant and the other in the 
third, sinee the amplitude of the oseillations reeorded on the 
horisontal seismometer at the meteorologieal obseryatory of 
thia oapital were respeetiyely 5^ 25' for the first, and 4^ 58^ 
lor the seoond. Figure 1> whioh together with the four 
f oUowiag are taken from tbe puUioationa of f ather Federioa 
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FaTiray S. T., Dlreotor of the Meteorolog^eal Obseryatory, 
showd dearly the direetionB and relatiTe intensities of the 
horizontal motions. 

There was also in this earthquake some moTement in the 
Yertieal direetion, as the yertieal seismometer moyed through 
four millimetres of its seale. 

Within an hour and a half after the tirst shoek two new 
shoeks were f elt ; these in Manila were unimportant, but in 
other plaees, as we shall see further on, they were more 
eonsiderable, as in the proyinees of Laguna, Morong and La 
lDfanta, where during that night and the following day the 
reeurrenoes were more frequent and the effect on buildings 
greater. 

After this first shoek, whieh, without produeing great 
alarm in the yieinity, doubtless soryed as a salutary warning 
to take preeautions whieh ayoided greater mis^ortunes in the 
f oUowing shoeks, the ground remained undisturbed during the 
15th and 16th. On the I7th two slight shoeks were again felt, 
whieh, although feebler than those of the Hth, indieated that 
the ground was not yet at rest ; and indeed at 12.40 P. M. on 
the 18th) the fearful phenomenon was repeated in all its 
intensity, and in 70 seeonds, whieh seemed howeTer intermi- 
nable, tumbled down a large portion of eity and terrified the 
inhabitants, who, losing the innate eoniidenee in the soil on 
whieh they stoodi felt under their feet a force inyisible, 
immense, mysterious, whieh in sepulehral silenee with terrible 
might deetroyed in a f ew seeonds the work of many years, 
and threatened them with an instant and strange doath. The 
inundation whieh roUs forward and enguUs thousands of 
people ; the lightning whieh eauses sueh terror and destruotion 
with its thundering ezplosions and phosphorie light ; the grand 
TOleanio paro^ism's with their Aames and their showers of 
buming ashes whieh bury great treats of oountry, snd with 
their riTers of laTa whieh oTerwhelm and destroy eTorything 
in their paths; all these phenomena haTe a eharaeter of 
grandeur whieh, while it OTorpowers the mind, iuTites it to 
oomtemplate them and eharms it with their oolossal splendor* 
AU these phenomena offer to the imagination an imminent 
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danger, a deaih more or less piobable, against whioh however 
there is always the hope of defending one's 8elf. But the 
earthquake with its Bombre silenoe, its unknown origin, its 
Budden and boundleBS effeet8y whioh may be a few oraoks in 
the walls ot buildings, or the disappearanoe of one or a 
hundred Yillages with all their inhabitants, this phenomenon 
80 treaoherous and at the same time omnipotent oyerwhelms 
the mind and leayes an impression neyer to be eradieated. 

The pendulum of the eeismograph at the ^'Ateneo Muni- 
eipal" traoed a line whieh indioated the motions of the ground, 
giying a figure bo oomplioated that it is not poseible to follow 
the line in its full extent, and eyen less to desoribe the 
oomplioated series of motions whioh eaused it. We reproduoe 
the figure (Fig. 2) from whioh may be seen the prinoipal 
OBoillations with their direotions and relatiye intensities ; and 
we oopy entire the obsenrations made and published by the 
obseryatory of the Ateneo Munieipal on the 19th of luly. 

*' July 1 8, — Sky eoyered with oirrus olouds all day ; winds 
eonstant from the third quadrant ; barometer rising; tempera- 
tore moderate; eyaporation 6.1 millimetres. 

*'Ifote: — ^At 12.40 in the night there was an earthquake 
whieh showed osoillation, trembling and what is oommonly 
oalled rotation. It is not possible to reoord here all the 
moyements of the pendulum, owing to their number and 
yariety. To satisty the desire expre86ed by many people we 
reproduoe the fignre desoribed by the pendulum of the hori«*> 
zontal seismograph, whioh we think worthy of eztended study. 
Today we limit ourselyes howeyer to the indioations of the 
prinoipal direotions and amplitudes of the motions, leaying 
the remainder until the figure giying all the motions has been 
lithographed : — 

" Pirst maximum OBoillation=from E. 5° S. to W. 5* N, 
Amplitude of the greatest osoillation in this direotion is 22** 
in the slope of the seismio waye, 11° to the Easti and 11° to 
the West. 

''Seoond Maximum Osoillation = f rom South-west ta 
North-east ; amplitude 19°, but with the differenoer that the 
greater part of the motion 10° 1(/ was towards the South-woBt, 
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aad ihe Temaiader 8^ 5(f t(ywBrcU the Nortb*eart. 

"Third Maaeiinum OBoination =» from N. 4* W. to S. 4*^ 
E., amplitude 16'', of whieh 9"" waa towards the South and V 
towardB the North ; oonee^uently the impulae appean to haye 
heen from the North, towards the South. 

"The index of the yertieal seismometer was mored d4 
millimetrea from ite position." 

From the time of the heayy ahoek of the I8th until nine 
o'doek on the moming of the 19th aeeording to the obaerya- 
tions, there were felt many weak oedllations and shooks, all 
in direotions f rom the South of East to the North of West. 

Not only did the oseillationB and shookB of little inten^ 
aity oontinue until nine o'dook in the morning, the hour at 
whioh the obsenrationB oited ended, hnt they oontinoed from 
that time almoet without interruption, some easily peroeptible, 
and others only reoorded by the seiamograph, nntil 3.40 o'olook 
on the aftemoon of the 20th, when a new oatastrophe oame 
again to try our hearts, already disturbed, not only by the 
deep impression made by the f ormer earthquake, but beoause 
the persiBteney of the motions and the oontinued yibration el 
the soil indioated olearly that under our feet that terrible 
motori that mysterious f oroe whioh in an instant might anni- 
hilate US| was stiU aoting. 

The Tiolenoe and intensity of this seoond shook were 
greater eyen than of that of the 18th. And although the 
amplitude of the oseillation, as given by the reeord of the 
seismograph (Fig. 3), did not show as great an angle as the 
mazimum of the ISth, the greater intensity ought to be attri* 
buted to this f aot, that on the 20th the pendulum af ter starting 
was not allowed to ^nish its osoillation, but was foroed to move 
in other direotions without oompleting its ourre on the plate, 
thns, as is olearly shown in the figure, the lines aa, hh, rr do 
not mark oomplete osoillations, but semi-osoillations. The 
pendulnm, desoending to the oenter of the pUte with a Yelooity 
.whioh would haye raised it to a point almost as high as that 
reaohed on the other side, was moYod by a foroe whioh not 
only destroyed the motion already possessed by the pendulum, 
but oonsirained it to aaoend again to a height almoet e^ual to 
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tlie finty whieh in reality represented an ampUtnde mnA. 
greater tkaii the 22° that had been reeorded on the 18th. 

The obseryations made at the meteorologieal obseryatory 
of the Ateneo deseribe the earthquake thus : — 

" At 3.40 on the af temoon of the 20th etrong shoek felt ; 
duration 45 seeonds. Eirst masimum oseillation ; direetion 
fnMn S.E. 15*» N., to N.W. 15*» S.; amplitude 17^ of whieh 
8"* to the N. W. and 9^ towards the S. E. Seoond maximum 
oseillation from S. E. 5'' N., to N. W. 5<» S. ; amplitude 12^ 
of whieh 5'' towards the E., and 7° towards the W. The index 
of the yertieal seismograph waa moyed 22.5 millimetrea from 
its position." 

Some daya after the earth^uakes, the direotor of the 
obeenratory, Pather Federico Faura, published a r48um6 of tbe 
obeenrationB in whieh this deseription was Bomewhat modifiedy 
ae it was pointed out that the amplitude of the aeeond 
nuudmnm oaeiUation ought not to be 12°, but that this 12° 
was the amplitude of a semi-oseillation. 

The pendulum eontinued during the remainder of the 
afternoon to oseillate in a way whioh waa most disheartening 
to those of UB who know that the instrumeut showed motiona 
in the earl^, although we eould not pereeiye them. At 8 
o'eloek in the eyening one of the yibrations was felt yery 
pereeptibly, and at 10.40 oeourred the third earthquake with 
ahooks more yiolent and irregular eyen, aeeording to the 
feeling8 of many people among whom was the writery than 
the former ones. Its duration was also greater than that of 
the earthquake in the aftemoony amounting to 55 seeonds, and 
the yertieal ehoeks moyed the indez of the yertieal seismo- 
graph 28 miUimetrea instead of 24 as in the former ease. 

The eituation oould not be more trying; the Bhoeks 
ooeurred more frequently ; the intensity and yiolenee of the 
motiouB inereaBod ; and many persons f earing any one of the 
thonsand oatastropheB whieh might happen, Bought Bafety in 
boats on the riyer or bay. eonsidering the topographieal 
Bituation of Manila, with the bay on one side and the lake 
Bap on the other, menaeed thus by thoBe two bodies Qf water 
whioh inight in a few minutes inundate the whole low plain 
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separateB them, in wUoh are plaoed the mOBt oonsider- 
able YillageB of the proYinoe, these preoautions were Tery 
proper. 

We give here the obserrationB made with the BeiBmograph. 
of the Ateneo Monieipal relating to the last earthquake, and 
published in the papers of the 22d. 

'' At 10.40 p.m. on the 20th a Tery heayy shoek. Direo* 
tion of the Arst oseillatioa S. W. to N. E. exactly , amplitude 
17'', 9"" to the S. W. and 8"" lo the N. E. Amplitude of the 
seoond osoillation 10° from E. to W. exaotly» 5° to the E. and 
5° to the W. Doration 55 seoonds. The index of the TOrtieal 
seismometer was moyed 28 m.m." 

In Fig. 4 may be seen the reoord left by the pendulum 
on the plate ; and it is to be obseryed that, as in the two great 
earthquake8 whioh preeeded this one, the direotions from the 
seoond toward the fourth quadrant are greatly in eseess; so 
mueh 60 in the shoek at 3.40 p.m. on the 20th, that this 
direetion alone is observed, and in the last shook the two 
direetions again appear as in the first of the series; with only 
this differenoe, that in the former the energy of the mottons 
from the seeond to the f ourth quadrants was greater than that 
of the motions from the first to the third| and in the latter 
the eontrary was the ease. 

Af ter this last great earthquake the Tibrations of the earth 
gradually diminished until the pendulum stayed at rest for 
long interyals of time, a thing whieh had not been obseryed 
from the 18th until 3 p.m. on the 21st. These feeble shoeks 
whieh were felt at irregular interyals, far from alarming us, 
rather reassured US| as their intensity beeame less and less and 
the interyals between them beeame greater and greater. Only 
at daybreak on the 25th a single shook was felt somewhat 
heayier than these others sineo the 20th, but this was without 
notable importanee and Ief t on the seismometer the eurye 
represented in Fig. 5, in whieh only a single direotion, that 
f rom the Arst towards the third quadrant, is seen ; the direo* 
tion from the seeond towards the f ourth quadrant, whieh had 
been in f ormer earthquake8 the souroe of the most persistent 
and greatest motions, haying oonse^uently diBappeared. The 
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amplitude of the osoiUation ia this last shoek was only 4*^^ 
and the index of the yertieal seisinograph was only moyed one 
millimetre. 

In the latter part of Tuly thero was puhlished, as we haye 
before said, by the Direetor of the Meteorologieal Obsenratory 
aresume of the obseryations made on the earthquakes between 
the 14 th and the 2dth of the month, in whieh after deseribing 
in detail the apparatus whieh had seryed to make the horizontal 
and yertieal measurements, he proeeeds to giye an aeeount of 
the earthquake3 whieh had happened in the proyinees in the 
Northern part of Lu£on in the months of April and May^ and 
deduees f rom the aeeounts whieh he had reeeiyed eoneerning 
the direetion of the motions, that the eenter of seUmie oseillation 
etnneides wi'th a voIcano whieh hae heen for a long time extinet, 
iituated hetween Lepanto and Ahra in the eentral mountain ehain 
of Luium, in latitude 16'' 22' and longitude 127'' EoBt of the 
ohwreatory of San Femando (1) (2). 

One would be led to suppose, from the fact the Diree- 
tor begins his obseryations in this way, that the earth^uakes of 
April and May, as the Direetor elearly indieates, eontinued 
nntil the beginning of Tuly, and had a eonneetion with those of 
July 14 — 25 whieh we haye ju8t been deseribing. It will be of 
interest for us to test in some way the e^istenee of this eenter 
of seismie oseillation, of this long extinct yoleano situated in 
the eentral mountain ehain, and markad with sueh eertainty 
by the illustrious direetor. We haye trayelled oyer the 
distriets of Lepanto and Benguet for some days ; we haye tried 
to reaeh the point whieh he has iadieated by its latitude and 
longitude ; we haye taken on the spot notes whieh we will 
f urther along set down on the intensity of the phenomeua in 
the neighborhood of the supposed focuB; and we expected 
logieally that there it would haye been felt with greater 
intensity than elsewhere in Luzon. Nowhere haye we met any« 

(1) This geographieal posi'tion does not eorrespond to any point of 
Abra or Lepanto» but rather to a point to the Soath of the latteri and 
in the oenter of the distriot of Benguet. 

(2) Longitude 121* EaU ^f Onenwieh. 
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thing fa> confinn tbis hypotliesis/ neitlier extinct roloano/nor 
indieations of an aneient or modern yoleanie formation. 
There are only found plutonie formations eonstituting the 
great mountain ehain, metamorphio tormations (sohists and 
slates of yarious kinds), sedimentary, lower tertiary, or perhaps 
eretaeeous formation8, and modem alluyiums. We leamed 
thatthe effects of the earthquakes had not been by far as 
great as in the proyinees in the eenter of Lu^on ; and finally 
upon yisiting the point whieh appears to agree, by its situation 
between the two distriets, with the supposed foous of seismio 
irradiation, whioh was the high mountain oalled DaU eited 
in yarious works^ and in some of them as yolcaniC| we met at 
1600 metres aboye the sea-leyel with magnificent tertiary 
limestones, whieh by their presenee protest against the theory 
of a yoleanie origin of this mountain, whieh by a printer's 
error Father Faura has plaeed between Lepanto and Abra 
while it really is between Lepanto and Benguet. In spite of 
this negatiye testimony let us not yenture to form an opinon 
on Pather Eaura's hypothesis before hearing his statements ; 
let us see whether the data whieh he has used will not olear 
up our doubts on the subject. We haye conferred with him 
and he has frankly shown us that in proposing this hypothesis 
he only oonsidered the reports, more or less exact, whioh he 
had reeeiyed from the proyinees of the North, and that with 
them and a map before him he thought he had found the focas 
of seismie irradiation, whieh aoeording to our yiew does not 
exist. 

We haye insisted at some length on this point, beoause 
the hypothesis is already laid before the publie, and by it an 
important and still obsoure problem of geology is solyed or 
professed to be solyed, and the author of this hypothesis is 
8uch a respeetable gentleman as Pather Federio Faura. 
Our silenoe would haye been oonstrued either as blameworthy 
forgetf ulness or as assent to his opinion. 

He proeeeds in the resume to analyze the di£Ferent fig^res 
whioh were drawn on the seismog^aph by the pendulum ; he 
then giyes some reAeetions on the yarious foci of seismie 
irradiationi on their positionB and on the ohanges whioh these 



M. hw^ mii0TgimB fvom one e«irthqaiike t9 another ; a&d Im 
eenolttdee with the {oUowing paragraph, whieh we traneeribe 
heeauae it ooudeneea the important part o{ the obserrations :— 

<' We will aow reyiew, and fix what the iiguree teU us. 
In that of the 14th, whieh is the one whiob ie numbered I in 
the Arst plate, wc note two eenters of seismio inwdiatioD, one 
in the eeoond ^uadrant where the earthquake began, and the 
other in the ^lrst quadrant where it ended. On the 18th we 
again find the two foci just mentioned, but other new ones 
appear, whioh driye the pendulum in all ima^inable direotioiiBy 
aa maj be seen in Figure 2, plate 1. The reoord of the 
earthquake of the afternoon of the 20th, in whisoh it may be 
obseryed that the focus of the seoond quadrant is working 
with wonderf ul yiolenee while the othera haye disappearadi ia 
giren in Fig. 3, plate 2. Now we wiU examine Pigare 4 
plate 2 whioh shows the fear{ul shoek of the night of the 2(Hh ; 
we notioe a yerj great ehange witb regard to the foai oi 
seismie irradiation ; tbe osoiUstioas from East to West| whiols 
eorrespond to the focas whioh was working before withao 
mueh yioleneei are gradual and of mueh less intensitj ; on tha 
eontrary, those from N. E. to S. W. show a great force of 
nndttlation from these points. PinitUy I^ us obserye Fig, 5» 
plate 2, whieh shows the last important oseiUation at dayl^eak 
on the 25th ; it wiU be seen that only the focU8 in the iirat 
quadrant now appears working with yery sligbt intenaity^ the 
other foci disappearing eompletely. We wiU not now try to 
deduee any €onsequeac0 of the resulta thus far pointed out; 
we haye only wished to point them out in order that they migr 
be studied by othera f or themselyes without being in&uenoed 
by our opinions." 

It is muoh to be regretted that the learned Jesuit, who at 
the time of the earthquake was always beaide his inatrumeoyts 
in an obseryatory perf eetly supplied with seientiSo instruments 
of aU kinds, to whom were immediately sent aU the official 
telegraphie and postal notiees on earthquakes from the 
proyinoes, in order that with them, with his instruments and 
irith his Boieooe he mig^t obtain somo result from their atudy ; 
% ia lemeiatablai we aay » that that 8cieatifio geatkman letM aflme> 
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days withont seekiug to deduee the oonsegiienees from his 
obseryattons, only indieating the laets obseryed in order that 
inveBtigat0T8 who had no instraments, no obBenrator j, no time 
at tbose sad moments to deyote to 8eientifio Bpeeulations, might 
oonBider them without being inAueneed by the opinions of 
Eather Faura. 

If , aB we believe, and as appeare from his own wordB, he 
had formed an opinion eonoerning the phenomenon) although 
not exact yet with aome f oundation, he ought to have published 
it, eren though it might haye been with the reserre whieh in 
this kind of studies, so new and eomplieated, ought always to 
be daimed ; and in so doing he would haye rendered a senriee 
to seienoe, whieh today uses all kinds of obseryations, howeyer 
insigni^eant they may be, to deduee from them some yaluable 
result. The Scientific Gommission reeently ereated in Zurich 
uuder the direotion of the learned Prof . Albert Heim to study 
earthquakes, begins by recOgnizing its ignoranee on this elasB 
of pheaomena, and inyites all persons interested in seienee, 
not only in that nation but in the whole world, to eoUeet and 
send to the eommission f aets and opinions, howeyer unimpor- 
tant they may seem; and it earries its kindness and good 
intention eyen to the point of printing and oireulating most 
detailed inteiTogatories, so that those who wish to eontribate 
to this grand work may do so with greater facility and 
oertainty. If that eommission asks aid from the whole world, 
with what gratitude would they haye reeeired the deduetions, 
the result of the studies on the Luson earthquakes of July, 
made by Father Faura. For our own part, we must deelare 
Ireely that we should haye had mueh greater satisfaction in 
f oUowing the opinion of Eather Faura if it had eonyineed us, 
than in sending out, alone and unguided by Father Faura'8 
theories, our own opinions f uli as they are of doubts, reseryesy 
and yEeiUations. 

II 
Gemral Ema/rha on the JSffect8 pradmdd, 
It is truly wonderful that with sueh yiolent shooks in aU 
direotions, with emeh great moTements ae were e^petieiieed 
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daring the three great eaithqiiake8» there remained etanding 
m Manila a eingle building of rubble masonry. We f reely 
oonfe8e that after the earthquake of the 18th we expeoted ta 
find the town in ruine ; and we oould not explain the good 
oondition of.all or ahnost all these maaonry buildinga. They 
^ere without apparent injurieB; although in very bad repair, 
their waUa f alling to pieees, their £rame6 rotten» the partitiona 
hroken or tumbled down, yet they were etanding and without 
being notably or eyen yery peroeptibly out of line. 

We were equaUy surprieed after the shoeke of the 20th, 
eepeoially ae ibe buildings had already been ehaken ; but the 
effeetB were not as great as we all ezpooted they would be, 
bearing in mind tbat some of the oBoillationB had amplitudee 
greater than 22^, and thkt the indes of the Tertioal eeiBmo» 
graph was moved 34 millimetres^ and eonsidering the energy 
whioh these motions indieated. 

It would be too long a task to desoribe all the effects of 
the earthquake8 on buildings ; and f urther, as the only ob]eet 
of 8uch a deseription would be to determine the direotion and 
nature of the motions, whioh we abready know with great 
eertainty from the reeords of the seismometer in the obserTa* 
tory, we haye thought best to omit this deseription. Those 
who wish to inyestigate this subjecty ean find it giyen with 
minute details in the reports made under the Inspeetorate 
Oeneral of Publio Works. 

We shall then limit ourselyes to a few general eonsidera- 
tionsy whieh may, if we are suooess^ ul in presenting them, be 
lound usef ul in ref erenee to future eonstruetions in Manila, 
with regard to the methods of ereeting buildings, as well as to 
the sites ehosen. 

In the first pUee, and as a general rule, it is worthy of 
notiee, that the greater part, if not all, the eraeks whioh haye 
opened in the ground, the upheayals of the surface, and eyen 
the depressions whieh haye been obseryed in some plaees, haye 
always taken plaoe in the yieinity of riyers, or estuaries 
(marshes) or the sea. We haye confirmed this, not only in 
Manila, but in yarious other plaoes in Luison, and we haye 
always lonnd that this elass o{ phMomenapreseBt thmaaly«B 
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m tbe neighborliood of old wasterooimesor o{ Hioee tormeel by 
teoent inandations, where Uie sudden aboeka prodaoe n tha 
superBeial and^ eo to speak, spongy formatiooB iiiieqttal metton% 
aooerding to tbe fom and nature of the older foymation on 
whioh they repoee ; aad eonsegnently eanse upheaval% figuxee, 
depreBBiona and perhaps aubmeraion of portiona o{ the aoilw 
On the banka of the riyer Pasig and the Bhorea of the marahea 
ia the neighborhood ol Manila thoBe effeots weDa* to be ekarly 
seen ; and it may be aet down as a geneial rule that the buiM- 
inga aituated in the immediate vioinity Qf theae bodiea of water 
suffeted muoh more thsn those f urther avraj. A good ezam» 
ple ia the suburb San Migael on the right bank of the PMg, 
whieh ia eompoaed mainly of well*bailt strueturea, and whioh 
s«ffered mueh more than other auburbs f artker from the riyer, 
whose buildings were badly built and out of repoir. In the 
Palaoe of Malaeadang, the residenee of the goTernor, sitnated 
olose to the same river, beaidea great damages eauBod by the 
three great sboeks in the old part of the edifioe, a iis^aure two 
oemtimeitarea wide and approximately parallel to the watereourae 
Wa0^ormedy eausing the f all of a great patt of the maaonry 
waU whioh ran along the boundaryJine of thie enolos«we. 
That Assure soroe 40 metrea longy although narrow and pro* 
bably portly filled by the faUing in of its sideSy oould be 
sounded to a depth of lour mietres, whieh indioates that its 
depth was mueh greater when it was Arst formed ; it maiy be 
safely aaaumed that it trayersed the whole modem Auyial 
aUuYium, and reaehed the ▼oleanie deposit whieh £orms the 
baaia 0f almost all the proyinoo of Manila aad. part of 
Bnlaean. 

This reeent alluyium may be supposed to be more yield* 
ing, more impregnated with water, in short^ more apongy in 
the loealities now passed through by streame of water than in 
dry regions, and that in the f ormer plaees the sudden shoeka 
of the earthquakea produoe irregular motions whieh giye riae 
to Aaaurea. Through tbese fia8ure8 the eompreaaed waiter whieh 
SUs ihe aoil aeeks to e8ciq[>ey oanying with it deeomposiag 
Tog^abie nwteriala whieh gite to the water a davk Golory a 
aauaomai ad«r» eo aometiaMa a anliAnroiia ene^ ^rodnaing tpn^ 
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alarm on (be paH of some pertons, who imagme tiiiai o^ety 
fii8iire is tlie opening oi a Yoleano. 

Thie Bome e^aota whioli we haye ja8t deseribed oil the 
Potig, took plaoe, but on a mueh greater soale, in the regton 
of the €rande riyer in the provinee of Pampang^ (Bio Orande 
de la Pampanga) whieh 6xtends from Gabanatuan in NmeTa 
Edja to mount Arayat. In this region, eoneeming whieh we 
shall speak more in detail further on, in eertain plaoes there 
were f ormed fi88uree some kilometres long and 8ome metres 
wide, whieh eonyerted that loeality into a real net through 
whioh three months a^terwards, though oontinuous rains had 
undoubtedly eontributed to fill these eraeks up, we had great 
diffiouIty in travelling, as at eyery instant we were in danger 
o{ faning into the tisBuresi 

Analogous, though less Tiolent, eSeets were obderyed in 
tlie region of the riyer Agno, in the proyinee of Pangasinan, 
in the yillages of Bayambang and Aleala, on the riyer 
Grande of Tarlae (Eio Grande de Tarlae), in the distriet of 
AguBO, and in general on all the riyers of wide beds whieh 
trayerse alluyial plains ; so also on the eoast near the mouths 
of great riyers, as in the yillages of Mainban and Atimonan 
in the proyinee of Tayabas, situated on alluyial formation8, 
where there were fissures near th^ sea of the same form and 
identieal origin with those aboye mentioned. 

Besides these effect8 on the ground, against whieh there is 
no means of proteoting buildings eseept by remoying them 
as far as possible from the water and building them of light 
and elastie materials, we ought to eonsider the effeets obseryed 
in the buildings themselyes, in order to deduee from them if 
possible the modification8 whieh ought to be introdueed in 
fature Btruetures. 

The author now enters into a praetieal eonsideration of 
the best form8 of oonstruotions foIlowed in this oountry. 

SEOTION 2. 

LoOAL OBBSByATIONS AND SPTBOTB. 

Tliieeeetion will inolnde the looal obseryatione and effecte 
i» » great pMTt of. tlie lelud of Ltuon ; aftd f ot Ihe porpoee of 
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establiBliiiig some order in the deseription, we hare di^ided tke 
ieland into three zone8, that of the North, that of the eenter» 
and that of the Southi whioh will eorreepond to aa many ehap- 
ters ; and in a f ourih ehapter wili be giyen a r^eum^ of aU the 
obseryations, in order to dedaoe the extent of the sones of 
diatorbanee. 

I 

Ejfect6 ohnerped in the pro^ineea of ths North of L\mn. 

Pangasinan. 

As has already been mentioned, we began our esamination 
of the island of Luzon in the proyinee of I^angasinan, landiag 
at Sual and paeeing through the yillages of Luigayeai Bimaley 
Dagupan, Mangaldan, San Jacinto, Manasag, Binalonan, San 
Manuel, Urdaneta; San Carlos, Malasiqui, Bayambang, and 
Aleala. 

The effects produeed generally by the earthquake8 of 
July were not nearly as great or as disastrous in this proyinoe 
as in Manila ; not so muoh beeause the yibrations were lesa 
intense or less numerous, but beeause the prineipal masonry 
buildings, the ehurehes, the paroohial houses, the eourt-houses, 
and a yery f ew priyate buildings in the more important yillage, 
are ooyered with galyanised iron or with nipa^ yery few 
buildings being eoyered with tiles. Besides, the searoity of 
building stone in this flat proyinee where almost all the soil is 
alluyial has rendered the use of briek obligatory, so that the 
masonry is mueh superior to that seen in the eentral proyinees, 
where generally yoleanie stone is used. 

From all the reports whieh we reeeiyed from the reetors 
of the parishes and the prineipal persons in the yillages whieh 
we passed through, as well as f rom the official reeords whieh 
were plaeed at our disposal by the goyernor of the proyinoe, it 
is eyident that of the three great earthquakes only that of the 
18th was felt with great intensity, the two of the 20th haying 
been of little importanoe, and the feeble shooks whioh before 
and af ter those days were f elt ao frequently in Manila passing 
unnotieed. iPurther it is to be remarkad,. irom the e&ola 
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in the ground and on buiidingB, as well as from the 
reporto giyen by the personB aboye named, that the inteneity 
of the earthquake of the 18th was less and lese from the South- 
eaetem portion of the proyinee towarde the North-western 
portioDy 80 that in the yiliages situated around the gulf of 
Lingayen (Sual, lingayen, Bimaley, Dagupan, ete.) there 
were only the yery slightest in^uries to maaonry buildingSi 
eyen those ooyered with tiles ; while in other yiilagee in the 
interior (San Jaointo, Malasi^ui, Bayambang, ete.) the 
earthquake ief t yery eyident marks of its inAuenee, not only 
in the buildings whieh were l6f t in ruins, as the ehurehes of 
Sa^ Jacinto and Malasiqui, but also in the ground, where 
fi88ureB were produeed whieh ean be seen today, as in the yil« 
lages of Mayambangy Aleala and Asingan. 

iProm this obseryation it may apparently be dedueed that 
the general direetion of the motion was from the seeond to the 
iburth quadrant. 

Pboyinge oi' jul Uniox, 

In this proyinee situated V> tbe North of Pangasinan the 
earthquakes of July were felt eyen less than in the latter 
proyinee ; and the sarae law of deerement of intensity from the 
South toward the North^ or more exactly f rom S. E. to N. W., 
was obseryed. In none of the buildings, whieh are of a weak 
sandstone and not of the best workmanship, haye there been 
great in^uries. Howeyer some of the earthquakes were felt 
with the same yiolenee as in Manila ; in some of the yillages, 
as in Namagpaean in the northern part of the proyinee and 
near the sea-shore, the shoek of the 18th was felt with some 
intensity, but did not howeyer eause any damage ; the others 
aooording to the statement of the eurate were impereeptible. 
On the eontrary in Balasang, a yillag^ further inland, but 
sitiiated toward the East and near the drst foot-hills of the 
mountain ohain, the earthquake of the 1 8th was felt with great 
foroe, and eansed more damage to the ehnreh and eonyent 
than happened to any other buildings on the ooast. And the 
two eavthquake6 of the 20th were f elt here, although but f eebly . 

This remarkable differenoe between two yillages distant 
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biil aleagns froni eaeh other ean not, as we thisky be altiibttted 
aolely to the gradual diminution of the eeiBmio ettrrent^ lor 
alUiongh thie is yery eyident in an estent ae great as that el 
the whole island, it is not natural to euppose bo sadden. a 
ehange in a phenomenon whioh has suoh wide exteut. The 
notable eireumstanoe that subterranean noisee were heard at 
the instant of the earthquake in Balasang and not in Namag* 
paean brings up the que6tion whether in the general oommotion 
there were not produoed in the mountains near to Balasang 
subterranean disturbanees whioh inereased the ▼ibrations ia 
that limited distriet. 

We think it useless to detail the effects produeed in ali 
the yillages of the proyinoe^ and we confine ourselyes to a few 
of the effect8y whieh oan show how the yiolenoe of tfae pheno* 
menon diminished, leaying aeide the others whidh are of no 
interest in our present inyestigation. 

Balasang. It may be remarked that this yillage sitnated, 
as we haye said, a short distanoe from Namagpaoan towards 
the interior, was the point of all the proyinoe where the earth- 
quake of the 18th and some later shooks were felt wiik the 
greatest intensity. The oonyent and ohurdi were ief t in a bad 
oondition with oraoks in all the arohes oyer tiie doors and 
windowsy and some in the walls* The ground on whioh the 
oonyent stood was oraoked transyersely to the edifioe, doubtless 
on aooount of the pressure whioh the yertioal laotions pro- 
duoed, or perhaps on aooount of bad fottndation. 

A house built of boards and stueeo whioh stood near the 
eonyent lost its walls, leayiog in the f i*ont only the eane gutters 
hanging from the eavee. 

Einally, the ourate of the yillage, Father Juan PereSi 
pointed out to us a remarkable effeot, whioh showed the 
intensity of the shoeks. A small tree, ealled in the ooantry 
Bag-bag, five metres high, with quite a stout trunk and yery 
few branehesy fell during the earthquake tearing out its roots; 
a remaskable effeot, knowing whioh we oan not explain bow 
a single building in tho yillage remained standtng. Beally wq 
should not haye belieyed suoh a thing possible, if we had aot 
the statement o£ sttob a lespeotable peesoii. 
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DlSTRIOT OP BENaUET. 

The diminutioii of intenaity f rom the interior towards the 
ooaaty whieh we had ju8t obseryed, led us to yiait this distriet, 
situated on ihe East of La Union. We went from Aringay, 
and paeeing through Galiano by a road whieh at some points 
reaohes a height of 1550 metres aboye the sea, we arriyed at 
La Trinidady the eapital and only Ghristian yillage of thia 
distriet. We were f urther indueed to make this e^eursion by 
a story whieh we had heard, and whieh was f ounded on an old 
ehroniele of the order of the Augustines, as, aooording to this 
story , at the beginning of the last eentury quite a large number 
of eottages, situated to the East of Aringay and oeeupied by 
the natiyes, had disappeared in a great earthquake iriliioh 
produeed the submeraion of an eitensiye traet of land. 

Aeeording to the reports whieh we reeeiyed from tha 
oommandant of this distriot, Senor Oraa, and a f ew whioh we 
were able to eoUeety we were able to eondude that on the I8th 
of July there were felt not only the earthquake at mid-day, 
but also two others a short time aiterwards ; the third whioh 
ooourred two hours after the first being aooompanied by a 
great subterranean noise. The shoeks of the two following 
days were of Uttle intensity, ineluding those of the 20th, wbieh 
oould not be distinguished by their force from the others« 
We did not obtain any inf ormation from the officers of the 
GiyU Guardy the only Europeans Uying there, oonoeming 
aeoidents oaused by earthquakes ; and attempting to yerify 
the story whieh we haye mentioned aboye, we were unable to 
gain any facts. Doubtless the topography of the beautit ul 
plain in whieh La Trinidad is situated might giye some reason 
for conjecture8 on the subject. A level eireular plain about 
lour kilometres in diameter is surrounded on aU sides by hiUs 
whose height does not eseeed 130 metres. In the interior of 
this plain is a lake whose only outlet is through a Assure 
toward the north^east, and this outlet perhaps giyes rise to the 
lirer whioh empties at Bauang (Union). Lookiag down oa 
this oireular depression from the last heights (1550 metres 
altitude) whioh are passed in reaohiug La Trinidadi the yaUey 
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presents all the appearanee of an old erater and it was oor 
first impression that it was one, We, on the following day, 
examined some of the hills whieh surround the ralley, think- 
ing to find in them the roeks whieh would confirm or modify 
our suspieions. Not a single volcanio roek did we find ; on 
the eountrary we were surprised to see ealeareous roeks with a 
great abundanee of fossils (madrepores and some biyalyes) 
whieh eould not be older than the tertiary period. How shall 
we explain then this great depression, so regular and fiat, 
whose soil is eomposed of alluvium washed down from the 
Burronding hills, and is eonse^uently posterior to them. We 
are far from suggesting that this is the origin of the story 
eited, beeause the time passed is not 8ufiicient for the tradition 
to die out even among savage raees, and beeause mueh less is 
the time 8ufiicient in a geologieal point of view f or all ^estiges 
of sueh a phenomenon to have disappeared, or for so thiek a 
deposit of alluvium as now covers and converts the plain into 
a fertile prairie to have formed. 

But it oeeurs to us that perhaps the ehroniele is not 
without foundation, but that an analogous phenomenon inde- 
pendently of any volcanic aetion may have happened in some 
other loeality in the distriet, whieh unfortunately is very 
little known, if not in La Trinidad ; and that by subterranean 
eommotions, produeed perhapsby the earthquakes whose aetion 
reaehes the 6urf aee of the ground, a eireular valley was f ormed, 
the fir8t effeot being to inundate the eountry until the water 
by its presBure and ehemieal aetion made an outlet for itself , 
leaving dry at the end of some eenturies beaatiful prairies like 
the one we are now eonsidering. 

We did not think the foregoing obsenrations out of plaee 
beeause they are somewhat eonneoted with our work, and 
beeause this distriet of Benguet by its situation, its delightf ul 
eKmate with a temperature whieh varieB annually between 8 
and 20 degrees eentigrade, and f rom many other eireumetanoes, 
is a very interesting loeality in the interior of Luzon, whieh 
at no distant day will attrnet the attention of the govenimeiit. 
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NOUTH AND SOUTH TloOOS. 

As these two proviacea are topographieally the eame and 
form a eontiiiuous zoue from South to North, aud as the 
phenomena obseryed in both of them are yery f ow and of liitle 
interesty we shall eonsider them together. The proyinees are 
bounded on the West by the Ghina Sea, and on the Eaat by the 
eentral eordillera, whieh soparates them fxom Lepanto ^nd 
Abra. Throughout the whole territory.eousideredi the earth- 
quakes of July were but feebly ielt, and did not produoe any 
eonsiderable effect either in the buildings or the ground. 
Here, as in the other proyinees whieh we haye studied, the 
diminution in intensity from South to North is to be notieed ; 
and this is confirmed not only on the eoast, but also in the 
interior of the island, sinee, aeeording to all thereports received 
eoneerning the provinces of Oagayan and Ysabela at the time 
of the earthquake f rom yarious rosidents, only the earthquake 
of the 18th was felt, and this, although it lasted quite a time, 
did not eause any injury to the very few masonry buildings 
whieh e^ist in these i^royinees. As there were no effeGta to 
examine in the last named proyinees, we did not visit them, 
anying thus the time whieh we required in the proyinees to the 
South. 

From Tagudin, the Arst yillage in the Southem part of 
South Yloeos, up to Fasuquin near Cape Bojeador in North 
Tloeos, we eould not obserye in any of the intermediate yillagea 
that there had been any seismie aetion whieh merited attention ; 
and in all these plaees we were assured by the eurates that the 
shoek of the 18th was felt, followed for some days by very 
slight shoeks whieh in many eases were not pereeiyed. !From 
the yillage of Oabugao towards the north we began to notioe 
injuries to the buildings, whioh attraoted our attention the 
more beeause it in a eertain measure destroyed the law of 
deerement whieh we had bef ore obseryed ; but we disooyered 
that these injuries were not due to the earthquakes of Jn\j, 
but to one whieh happened in Deeember 1879, whieh was 
stronger here tban the July ones, and whieh must have aeted 
oyer a yery Bmall aieai as it was f elt only in the yiUages of 



t64] 

North YI0008. It should be noted that the effectB whieh we 
obsenred in buildings indieated dearly that the law o{ deere- 
ment in the earthquake of 1879 was the reverse of that in the 
July earthquake8, that is from North to South. 

DlBTBIGTS 0F LePAKTO. 

Although our journey to Benguet had shown ue that no 
notable phenomenon had oeeurred in eentral Lttzon, if it were 
not a slight inerease of intensity in the earthquake8 eompared 
with the WeBtem eoast, we resolyed neyerthelessto make a new 
e^eursion to Lepanto; not 80 mueh to widen our field of 
obseryations, as to test a theory published by Father Faura 
eoneerning the eiistenee of an extinct yoleano in this distriet, 
whieh waB said to be the probable eenter of seiBmie irradiation. 
We haye published our opinion and our obseryations on the 
Bupposed f 00U8 elsewhere, and we haye nothing to add now ; 
but we haye promiBed to deseribe the prineipal seiBmie effectB 
in this distriet and we will fulfil our promise. 

Our itinerary waa as follow8: — ^We left Oandon and 
going through Saleedo passed oyer the mountain Tila to Anga- 
qui Bituated on tne left bank of the Abra in itB high part. 
Then we passed oyer to Oeryantes, Maneayan, Tubio, and 
Mount Datd, returning to Geryantes to go to Oagayan, the 
prineipal plaee of the distriot. Thenee we deseended again to 
the ooast, passing the mountaiuB at a plaee ealled Tabalina ; 
and went through Tiagan to Santa Maria a town on the eoast 
to the north of Oandon. 

In none of the plaees named, whieh were oomposed 
prineipally of small huts built of wood, eane, or eogon, eould 
we Bee any effects of the earthquakes, and the reports whieh 
we oould eoUeet from the natiyes agree in saying that the 
earthquake of the 18th alone was of any importanoe; the 
remainder, whieh were felt until the 20th, were yery small 
and seareely pereeptible. We are able to estimate the relatiye 
inteuBitieB of the Bhoeks from the high dry Btone waUs whioh 
the natiyoB ereet to support their little traete of eultiyated land 
in the mountains ; and the perfect Btate in whieh we f ound 
tiheso wallB indieated that the motionB of fhe eaifhquakeB had 
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not been yiolent enongh eyen to tumble down tbese veak 
eonstruetions. 

At tbe metallurgieal works at Manoayan there is, besides 
other struetures, a fumace for refining eopper with qnite a 
high ohimne jy whieh was not injured at all by the earthquakes. 
The mines at this plaee haye boen worked f or a long time and 
in a most eoonomieal manner so f ar as the supporting walls 
are eonoemed, and in nofc a single oase did the walls f all down. 

Only on the Southern side of Mount Data were we able to 
find any oonsiderable marks of seismie aetion on the ground ; 
and these were due not only to the intensity of the shoek, but 
also to the speeial configuration of the ground. On the banks 
of the deep stream, whieh from its direetion appears to be an 
affluent of the riyer Suyue, there were plaees where the earth 
had fallen in, where thero appeared to be numerous eraeks on 
both banl^s, though they had but little leng^h. 

An analogous phenomenon, but of less extent, happened 
on the North-east slope of the mountain in the neigliborhood 
of Oayan ; we will not deseribe it, as it offers nothing new. 

Zambales. 
On the retum from the proyinees of the North, our assis- 
tant Don Enrique d'Almonte (the writer haying been taken 
siek) passed from Sual to the proyinee of Zambales, and in 
some of the yillages gathered information, from whieb it 
appears that the earthquake8, ezcept perhaps that of the 18th, 
were but little felt, and eaused neither damage to buildings 
nor eraeks in the ground. We will not giye the details of the 
yery alight effect8 whieh were obseryed ; we will only add that 
the maiL steamer ** Elus '' was sailing along thia eoast during 
the af ternoon and night of the 20th, and that on board of her 
none of the fearful ahoeks felt at Manila were notieed. 

II 

Eff0ct9 oherved %n the Oentral Prwinees ofZuzon. 

TARIiAGy PaMPANGA AITD BaTAAN. 

Thetraet of eountry whioh e^tends Southward paraUel to 
the mountain ohain of Edmbales from l^e limits Pangasinan, 
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inolnding the three pToyinoes whidi we Are aboitt to stady, 
was but littlo iuAueneed by the earthquako8 of July ; howeyer 
it may be obseryed that their euergy was greater iu the more 
distaut points, those ]U6t to the East of the mountains of Zam- 
bales, thau iu points nearer to Mauila, as should be the ease 
aeoording to the law obseryed in the proYiuees iu the North. 
lu the province of Bataan, whieh is the most Western oue aud 
ineludes both slopes of Mount Mariveles, the Southeru end of 
the Zambales ehain, the earthquake of the 18th had but little 
iutensity, aud the others were ju8t pereeptible, iu no ease 
eausing damage to buildings iu this province ; while in Pam- 
pauga and Tarlae the effects were mueh greater iu the yillages 
distant from the Zambales mouutaius. 

In Oamiliug, Oapas, Mabalaeat, Angeles, Baoolor, and 
Ouagua, all situated on a North aud South line uear the moun- 
taius, we did not observe any great marks of the earth^uakes, 
either in the buildiugs or the grouud ; in other plaoes like 
Tarlae, Arayat, Sauta Ana, Mexico aud Maeabebe situated 
f urther to the East, the offects in the grouudaud buildings were 
mueh greater ; f or example the ehureh at Mexico was left iu 
sueh a eondition that it was neeessary to pull it down, and in 
Maeabebe one of the towers of the ehureh was tumbled iuto 
ruins. 

NUEVA EeUA. 

The effects of the earthquake of the 18th of July, the 
only one whieh was very heavy iu this province, were truly 
rmposing in all the region ineluded between Gabiao and 
Gabanatuan ou one side, and on the other side the river whieh 
rising iu the mountains on the East of the provinoe and passing 
through Bongabong, Oabanatuan and Sau Ysidro fiually 3oiu8 
near Mount Arayat with the Kio Ghioo de la Pampanga 
forming the Eio Grande de la Pampanga. To the violence of 
the shoeks, there was here joiued the eireumstanee that the 
soil 18 of very reeent formation eonsisting of the modern 
alluvial deposits of the Eio G'rande ; and these two eireum- 
stanees together oaused great aud uuequal depresBious and 
aumerouBiissures» from whioh water aud saud in great qttanti-» 
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ties were diseliarged, inundating extenBive traets of land and 
rendering many fields YolueleBS. 

The general direetion of the great tissures was from East- 
north-east to West-south-west ; and the spaoes between these 
fiB8nre8 were diyided in every direetion by others whioh were 
narrower (from 10 to 50 eentimetres wide) but very deep. 
Threemonths after they were formed, although there had been 
heavy rain storms meanwhile, the tissures were not filled up ; 
and when we ^isited them many still were of very great depth. 
Some of the great fis8ures run in tlie direotion already given 
from the distriot of Sapan to Buliran, passing through the 
village of San Antonio, and having a breadth wliioh reaohes 
in Bome plaoes 10 metres. 

Between the river and village of San Antonio there were 
two fi8sures whioh were so wide as to appenr like seotions of the 
earth ; the one nearest the river had a breadth of 6 metres, and 
the other, 200 metres away f rom the first, a bread th of 1 metres, 
and the ground between the two sank two and a half metres. 

At BOme points near the bank of the river so numerous 
were the oraeks that the ground presented the appearanoe of 
a parement, the stone8of whioh had been thrown out of position 
and level. At other plaoesy bosides the tissures, there were 
notable ohanges of level, so that the surface of the ground was 
broken into steps as in the oase of a farm in the distriot ealled 
Delinouente near the village of San Antonio, where in a sugar.. 
eane field whioh was originally fiat, the surf aoe was so disturbed 
that in some eases the top of one row of plants f ully grown waa 
on a level with the roots of the next, and of the 10 heotares of 
the field 8 remained valueles8. 

The width of some of the fissures was so great that in one 
of them a oarabao (boat) disappeared ; and we oould see f ull 
grown trees {magnifera indiea) hanging by their branohes on 
the edges of the fissures. We might gLve great numbers of 
this kind of aooidents, but it would only uselessly enlarge our 
too diffu8e aooount, without adding any fact8 whioh oan not 
easily be imagined ; sueh as the (artial destruotion of a few 
honsea of oane and ^' nipa," when two or more of the Bupport* 
ia^ poita happeaed to f all into a fifi8ure. 
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Happily 1 or the imf ortuuate people, the earthguake hap. 
pened at an hour (noon) when they were neeessarily in their 
houseSy thus ayoiding the many aeeldents and injurie8, whieh 
would have oeeurred had they been working in the fields. A 
single aeeident of this kind was reeorded, whieh happened on 
the f arm of a nian named Juan Fernandez. Three ehildren 
were playing together when the earthquake began ; they were 
frightened and ran towards the house, whieh two of them 
reaohed; but the third fell into a tissure whieh opened under 
his feet and immediately elosed again. After the tirst instants 
of anguish, excavation8 were eommeneed on the spot pointed 
out by his little eompanions, and af ter 6everal attempts hie 
body was found at a little depth, eompletely erushed. 

The vertical shoeks were so sudden and so violent that 
the effect8 were mueh greater than in any other part of Lu2on 
whieh we have visited. We will only mention the damagea 
whieh masonry buildings 8uffered : the ehureh of San Ysidro, 
whieh although without a roof f ell so quickly as to bury in its 
ruins a ehild who was passing near it; the ehuroh of San 
Antonio, the frout of whieh f ell down, and the tower of whieh, 
built of small rounded stones laid in eement, the best kind of 
maeonry perhap^, was thrown down even to the base ; and 
many other masonry buildings whieh were more or less 
damaged. We think it will be of interest to deBoribe two easeB 
more in detail ; the first is that of a deep well, haying a lining 
built of the best masonry with a f oundation of oonerete, in the 
Buburb of Sampang near a distillery whieh wassupplied from 
it. The violence of the shoeks lowered the ground on whieh 
the distillery stood about one metre, without greatly disturbing 
the maehinery in it ; while the well, whioh was £ull of water, 
was left dry and partly filled with sand, and the masonry 
ourbingy either on aeeount of its diEerent density with ref erenee 
to the soil, or f or some other eause whieh it is difficult to dis- 
ooyer, was lef t projecting some distanGe above the sur^aee of 
the ground. The seeond ease, whieh seems to us the moat 
notable of any observed in the whole estent of territoiy affected 
by the earth^uake, was that of the ehureh in the little yillage 
of Jaeii| this ediiiee had beeii reoenily ooaatrttoted» a&d ooa- 



risted of ^eat npright timbers 14 yarae higb, 2 taras of tliia 
length being sunk into the ground, nnited at the tops by joi8tfl ; 
and on this f ramework a light roof of wood, eane and ''nipa". 
The bnilding was 60 yaras long and IS wide, and the lateral 
partitions were of nipa. This strueture whieh would be eop- 
sidered extremely strong against earthquakeSy f ell to the ground 
in a moBt unezpeoted way. It was thrown yertieally to sueh 
a height that the upright posts were drawn out of their beds 
in the ground with seareely any injury, and then the whole 
building f ell together. A single one of the uprights, whioh 
was more strongly attaohed to the f oundation than the others, 
was not drawn out of the ground, and although it had a 
diameter of 40 eentimetres, it was broken off like a eane at its 
basoi a few fragments of the building remaining attaehed to 
the fibres whieh were not tom away. 

In 1871 we inspeeted for the same purpose some houses in 
Gottabato, and in 1879 others in a village near to Surigao; 
these houses were built of wood and nipa and had been thrown 
down by earthquakes, but they had f allen beeause the posts by 
roeking in all direetions had oponed the f ramework at the top 
until the inelination of the timbers was so great that the 
building fell by its own weight. It is impossible to invent 
a method of building whieh will be proof against shoeks whieh 
throw struetures two varas high, and draw the posts out of 
their resting-plaoes in the ground without greatly disturbing 
the soil. From f aets proeured on the spot, we have sueoeeded 
ia restoring the building as it was at the instant of its faU, in 
order that a olearer idea may be formed of the wonderful 
power of the earthquake. 

In the mountains East of the province, in the ^urisdietion 
of Bongabon, there were eases in whieh roeks on the sides of 
ohasms were thrown down, but we were unable to esamine 
them beeause during our stay the roads were impassible. We 
will say however on the word of tlie Ourate of San Ysidro, that 
in the ehasm of Lupingan, the banks formed of hanging roeks 
were thrown down in to the bed of a stream, stopping the water 
for two days, at the end of whieh time the water, having risen 
and its preasure being greatly inereased, f oreed its way throug^ 
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wd oaused 4 «udden inimdation to the agreeable suipriee oi 
tlie people of the region who were sorrow-strieken at the sii^t 
of the 4My river-bed. 

BULAOAN. 

Thia prorinoe like that of Nueya £ci]a is traTersed by a 
great rirer, irhieh rtsiiig in the mountainB whieh separate 
Bulaoaa and the dietriot of La Infanta paBsee f rom East to 
West and rnne into the Bio Ghrande de la Pampanga, whioh 
empties by numerous mouths into the bay of Manila. In 
spite of the aimilarity of topography of these two proTinoee^ 
•nd altkough the intensity of the earthquake8 was about the 
aame in both, yet the region of the Bulaoan river did not 
preeent the diaastTous effect8 whieh were deaoribed in speaking 
of the region of the riyer of Nuera Eoija. The differenoe 
•roee, we belierei from the difference of the geologieal oharae- 
^ere 0f the soil ; in the latter the eoil is oomposed, ae we haTO 
eaid» 0f thiek layera of modem alluTium, whioh are without 
eonsieteney, and henee 8ubject to disturbanoes of the 8urf aoe» 
and oonaeguently to the Assures whioh we haye desoribed ; on 
the eontrary in Buhiean the soil is oomposed of yery deep 
etrata of a v(Jcanio atone whioh is strong and dastie, in whioh 
ebangee of Ievel, Sssures, and land-slides are impossible. 

Thie great Toleanio formation, of whoee origin and wide 
extent we ahall at aome f uture time speak more f uUy than ia 
here possible» when it was formed, raised thelevel of this 
province, leaviQg the streams running in deep ehannela aa 
«My to-day be ob8erved| and orowding in the banke o{ the 
river, whieh are very steep throughout the volcanio {ormatioa. 
To this laBt faot it is to be attributed that thie pvoviaoe is so 
tree from inundations^ and that the reoent alluvium postmor 
to the volcanic fonnation is only of a very insignifioant thiek- 
nees and very usdform, as it has been for long periods of time 
Iree from the aotion of the water whieh is usually at a level 
below the alluvium. As a confirmation of this hypothesia we 
ean oite the low and littoral regiou of this province» whose 
aurliaoe is almost down to the sea leve], and whieh is oomposed 
gf seoent alluvia in, whioh there havebeen observed pbenomaM 
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inakgoaa to thone of NneTa Bcija, that is, Asbuyob and eloya» 
tkma and depreeBkms of l^e snTlaee. Iii the low region ja8t 
mentioned is the town of Hagonoy, where the earthqnalces 
were f elt with extreme violence, and gaye rise to depressions 
and innndations whioh eatused the destraotion of honses built 
of wood and "nipa,"< and to the opening of fis8ntes two metres 
wide from whieh poured f orth water and sand in abnndanee. 
We hoye then in this provinoe two distinet regions in' 
whieh to study the aotion of earthquakes ; tbe region of the 
▼oleanio formation, whieh iadudes the eentral portion of the 
province, and the low and littoral portion. In both regions 
the damages to masonry buildings hare been great, perhaps 
somewhat greater in the low towns than in the high ones ; 
thus, for example, the ohureh and the elegant mo lem tower 
of the eapitaltown were destroyed oompletely, while iuBalinag, 
8an Rafael, Angat, and other plaees on the high land, allthe 
building^ remained standing, idthough somewhat injttred. 

In the high region straetures in eities suffered, while the' 
ground and struetures in the oountry remained intaot ; whlle 
in tiie low region stmotores both in the oity and eountry hare 
been oonnderably damaged. Neither in this prorinee nor in 
{he others whioh we haye studied were the earthqnakes of the 
8ftemoon and night of the 20th felt with great vioIenoe, 
although in lCanila whioh is yery near they were estremely 
TiolMt. It is to be noted l^t the intensity in the different 
towns of Bnlaoan was inyersely proportioned to the distanee 
ttom Manila. 

After these general remarks on the effects obserred inthis 
prornnoe, we do not oonsider it neoessary to giye detaSs on the 
diAsrent towns whioh we have travelled through, as tiiey teaeh 
nothing'new, only confirming the general law whieh we have 
g^mn as to intensities and direetions of movements, to whioh 
there is not a single exception in this province, We wifi dte 
a single geologioal phenomenon whioh may almost always be 
seen at times tif great earthqnake8. There is in a snbarb of the 
^llage of Ban Mignel de Mayumo, oalled Sibnl, a large spring ; 
the water is eharged with sulphnr and iron; and this 8prtng 
hae of late years aoqaired im|K)rtance| not only on i^)COttiit of 
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its medieliial propertioB, but on aoooont ot the boauty ot its 
aituation. Tlie spring pours out trom under a layer ot lime* 
stoney and has tormed around the orifice a little basin about a 
metre deep with a eorresponding ouAet. At the time ot the 
earthquake, this spring eompletely dried up and it was only 
atter some hours, whioh had been probably neoessary to oyer- 
eome the obstades whieh were thrown down by subterranean 
distu^banees, that the water, whieh was mueh more turbid 
than usual, returned. 

Paoyingb of Manila. 

Although this provinoe is ot yery small area, it presents 
points ot obseryation where the intensity ot the earthquakes 
was very difFerent. The earthquakes of the 18th and 20th ot 
July were everywhere very strongly telt; but, oomparing 
earet ully the effeots experienoed in the di£ferent towns ot the 
province, it ean be divided into two zones whieh were diJfferently 
a&eted ; one f rom the Pasig river toward the Notth, in whieh 
the shoek ot the 18th produeed all or the greater part ot the 
damagesy whieh were but very little inereased by the shook of 
the 20th ; the other trom the river Pasig toward the South, in 
whioh the first earthquake having produeed the same e£E!eot8 
as in the remainder ot the province, the two shoeks ot the 20th 
oonsiderably added to the damage, and eaused others besides, 
throwing down struetures whioh had resisted the first shook. 
We do not seek to earry our theory so tar as to eonsider the 
Pasig as the mathematieal dividing line ot the two aones; 
f or this would be thought by many to be a 8oientifio refine- 
menty a mathematioal nioety, whieh we ought to avoid when 
treating ot nature, whieh in its grand maroh is not aooustomed 
to submit itselt to the petty and too trequently unvaried rigor 
ot sdenee. £ut it is really worthy ot observation, even though 
it be aeoidental, that the viUages situated on the lett bank of 
the Pasig were damaged muoh more in the earthquakes ot the 
20th than those on the right bank. In Manila e^en, with 
numerous buildings on both banks ot the river, it was notieed 
that the large struotures (ohurohes and towers) 6uffered more 
pn tbe lettbank than on the right; thus the towers of the 
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(A&ddral and of San Agttstin, and the eupolaa of San Franoisco 
and Beooletoa wore tbrown down almoBt eompletely on tho 
20th ; while in the auburbB on the right bank all remained 
standing without any important damage, the towers of Santa 
Oruz, Quiapo, Binondo and San Sebastian, all high and o£ no 
better oonstruotion than those in Manila. 

With regard to the other yillages in the province| it was 
ob6erved that in those to the North of the Pasig riyer, sueh as 
Malabon, Nayotas, Galooean, Mariquina, Oaintai and even 
Pasig on the bank of the river, the destruotion was not eom- 
plete except in the oaae of masonry buildings in a more or lesa 
ruinous oondition ; while in those to the South of that river, as 
Paoo, Santa Ana, Ouadalupe, Pateros, Para2aque, Las Pinas, 
ete., tiie damages were more important, in some eases amount- 
ing to eomplete destruotion, as in the solid sanetuary of 
€hiadalupe, an aneient strueture whieh had withstood the 
shoeks of the last three eenturies without in]ury, and whieh^ 
haying remained standing through the earthquake of the I8th, 
waa oompletely destroyed by the f alling of its arehed roof of 
maaonry on the 20th. 

PfiOVINCE 0F La LaGUNA AND 
DlSTRIGT 0F MORONO. 

Let us group these two provinces together, as they indude 
the whole perimeter of the great lake Bay, in whioh the earth- 
quakee of July present suoh yariations that their stady is yery 
eomplieated, and it is very difficult to deduee general oonse- 
queneeB whieh giye a more or less exact idea of the phenomena 
during the three days, the 14th, ISth, and 20th of July, in 
whieh they mani^ested themaelyes. 

We obseryOi in the fir8t plaee, that while the first earth- 
quake of the series, that of the night of the 14th, left no traoes 
of its aotion in the loealities whioh we haye so f ar studiedy and 
would haye had no importanee had it not been f oUow^ by 
other greater ones, in the region whieh we are about to inyea- 
tigate at some points it had a mueh greater intensity and a 
maah longer durationi and eaused oonaiderable damage. 
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Paasing amuni the lake £roin Taguig towardt tbeSottUi* 
{oUowiag tbe Weet ooeui, all the r^orts wliieh we ohtained 
and the effeot8 whieh we obgerred demonstrated that the Aiet 
eaarthquake had had no importanoe in Muntinlupa, Tunaaan^ 
BiHaa and other plaoes ae far as Santa Orus. In liie laet 
plaoe it eould be seen that the e^Eioets produoed bj it weee 
muoh greater than had been obBerred up to that point; for 
example, the iallot briok partition walla, and numeroua oradea 
in atene walla of oourBed masonry , ^ 

In the other towns on the East eoaat aa Longoa, Paete, 
Banguil, Siniloan, ete. and in the oorreapottding ones in the 
dktriet of Moiong as f ar as PililUy we obtained reporte of that 
earthq[uake9 and we were shown mairks of seiamio aotion whioh 
roTealed a greater intensity OTon than in Santa Oruz ; in the 
idllage of Pililla the f oree was so great as to open wide eraokB 
in the ohuroh and tower, and throw dowa one of the few 
masonry houses whioh eiist in this plaoe. Leaying this village 
tbward the West, the intensity of that earthquake seems to 
have been oonstantly less and less until we reaoh the pioyinee 
of Manila, in whioh we hare already desoribed tbe phenomena. 

The earthquake of the 18th was felt yery heayily in both 
proyinees ; it is to be noted however that on tbe Western ooast 
from Taguig to Bay the intensity was somewhat less than on 
the opposite side of the lake. Thus, the towns BiSan, with 
many masoory etruetures, Santa Bosa, Oalamba and Los 
BaSos f elt the earthquake without any damage ; while in the 
towns on the Eastem ooast f rom Santa Oruz to Aanta Mariit 
the masonry struotures were mostly laid in ruitts. 

The earthquake of the 20fli, on the eontrary, aeted wi1% 
greater violenoe on the Western eoast than in ih» other parts 
of the two proyinees, and had in some yillages gyeater inten- 
sity but less duration than that of the 18th. In oonArmation 
of tkis etatement we will give the following weli-known f^. 
Aa soon as tiie people of Biiian knew that Saata Ortta> ihe 
oapital of the provinoe, had been destroyed by ihi& earthquake 
of the inatk, while the buildings in their town had eseaped 
injuxy, they loaded a number of beats with m»teria)s lad men 
and weotto aid ihe people of the oi^al* Wben tlray were 



mtwiiag on lli« 20th and wero «bout to mn int^ t]ii$ir oif ii 
99rt> tb^ e«rthqiMJce o£ 3 P.M. took plaee» and was f elt in tbe 
boate^witth estMordioaYy ▼iole»oe ; and wheu they laaded tbey 
f ound their prineipal buildings demolished. Tha earthquake 
whieh oeourred tbat night Aniahed the work of deatn^tion. 
Wo had ooeasioii to make auother noteworthy obaervatiotii i» 
trayeUisg along the Southern ooast o{ the lake» in tbe ▼illagee 
of Oalambay Los Badog and Bay, eituated almoat on the slope 
of the great voloanic mountain ealled Maquiling. In theee 
thm yittagee eo near to the yoloano whose inAuenee in tke 
eiurthquake had been ao mueh exaggerated in Manila, we were 
agreeably saiprised to tee only the sUghteat damage» eompared 
with the looalitiee yieited bef ore and af ter thia small yokanie 
region. 

The obseryation of this reduetiou of intensity led us to 
belieye that the gieat yoloanie mass of Maquiling, the first of 
tke ohain of mouAtains whioh separate this proyinoe irom 
Patang^a ftnd Tayabas^ seryed as a bariier to. the seismie 
yibr^tione^ and reduoed their intensity, whioh aeoording to 
whst waa obseryed later was yery muoh less in the Southera 
pKoyinoes* 

DlSTRIOT 0F La InPANTA. 

Tbree days journey from the yiUage of Siniluan im the 
pvoyin(;e q{ La Laguna through high and wild mountaias» 
broiAg)it us to Binaogonan de Lampon, the on)y yiUage in this 
proyinoe on the island of Luson. The island of PoliUO) oon<» 
tainii^g a yiUage of the eame name, is a part o{ this distriot. 

"Eitoip, the reports whioh we were able to obtain and the 
effects obseryed, wo oonolude that the earthqwkes were BXm 
tremely seyere in this looality, although not so seyere as wae 
represented by the publio press of Manila, whioh d^riyed its 
information f rom some natiyes from the PaoiGo eoast thi^ough 
intelligent and well-meaniagpersons in tbeproyinoeof l^aguna, 

A oertain journaI went so far as to suppose that a yoloano 
l^^d i^pea^ ed on the Pacifio ooasti and spoke of tbe f onnation 
of new mountains and the disappearanoe of o|d ones, of gYoat 
g ew u » ftnd %uid disohargesi of e^ great nuopiber o{ boata oaat 
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up on the shores to a great height abore the sea, and eren of 
the disappearanoe of hundreda of human beings. The greater 
part of these Btatements were fal8e and the remainder ezag' 
gerated as we ehall see. 

At about the same time as in Manila in the night of ^'uly 
i4th ooeurred the firBt earth^uake, whieh was muoh more 
intenee here than in Manila. In f aet the people of Binango- 
nan aasert that this earthquake was the most 6evere one felt 
sinee 1863. Before 9 o'doek on the morning of the 15th the 
shoek was repeated nine times. During the 15th, 16th| I7th, 
and 18th of the month so frequent were the repetitiona that, 
aa many people haye aaaured us, not an hour pasaed without 
a ahoek, and the greater part of them were preeeeded by sub- 
terranean noiaes. 

A little after midday on the 18th the great earthquake 
happened, whioh eauaed all the injurj to buildinga and all the 
diaturbanoes to the ground, of whioh we shall apeak hereafter. 

!From this time the ground was still until the 20th, when 
four more shooks were felt during the af temoon and night ; it 
waa impoasible for us to aseertain the exact times of the earth- 
quakes, but it is reasonable to suppose that thej were the same 
as in Manila. The intensity of the shoeks of the 20th was by 
oommon report yerymuoh lessthan that of the shook of the 18th . 

On the following days slight shooks were frequentl7 felt, 
but they grew weaker and finallj eeased. The goyemor of 
the distriet in^ormed us that in the island of Polillo only the 
earthquake of the 1 8th was f elt, and that it only oaused a yery 
little damage to the ohuroh. We were not aUe to yisit the 
island beoause at the season of our arriyal at La Infanta (22d 
of Deoember) it is impossible to make the paesage from any 
point without great danger of shipwreok. 

The effeots produoed in the buildings of Binangonan by 
the earthquake of the 18th were the foIlowing : — The ohuroh; 
the tower and the oonyent, the only masonry buildings in the 
yillage, whioh we were informed were not in good oondition, 
fell to the ground. The ohuroh had walls of plaster and a 
roof of nipa. The tower was all built of plaster, and the 
eonyent waa built of plaater with a tile roof • The destmotion 



was oomplete, espeeially of the tower, whoBe f oundatibns wen 
ao moved as to disturb the ground whieh surrounded them. 

The government house, the eourt-house, the barraeks, all 
built of wood and nipa, were so badly in]ured as to be 
uninhabitable, and they were 80 mueh inelined that the latter 
tinally fell down. More than two hundred housee built of 
wood and nipa were ruined by the great dieturbanoes of the 
8urface of the gronnd ; some fell down learing the Tertioal 
posts standing loosely in their beds» whieh had been enlarged 
by the oseillations. 

The disturbanees of the ground were, so far as we eould 
see, small in the neighborhood of the village ; but they were 
rery eonsiderable at two points on the shore of Puerto Real de 
Lampon, andin the mountains whieh separate this distriet 
from that of Morong and the province of Bulaean. Glose by 
tbe viliage there were only a f ew Assures of little length near 
to a stream ealled Sapa, whieh runs in a deep bed through a 
meadow on the North-eastern side of the town, and a little more 
than a kilometre distant from it. The hanging elay banks of 
this stream fell down in several plaoes dragging with them the 
vegetation ; and in one plaee where the bed was very narrow 
(soareely two metres wide) the caving<>in obstrueted the eurrent 
BO that the meadow was partly inundated for a few hours, 
until the obstruetion was washed away. 

The other plaee was about half-an<khour's joumey in a 
South-westerly direetion from the town; here Assures were 
formed of a greater length than those jttst mentioned, but of 
Tery small width, whieh poured out water and mud. The 
same thing happened on the shore of Santa Moniea and in 
some other plaoes around the town, but in all these eases the 
phenomena were on so small a seale as to be hardly worik 
mention. 

In the mountains of the dividing ohain of the island, on 
the West and North-west of Binangonan the efiPect8 were very 
important, produdng numerous and g^eat land slides on the 
eteep Eastem slope, whieh were formerly covered by thiok 
Tegetation, and leaving great traets oompletely bare. Five 
montlw afterwards although the vegetation is very vigorou9| 
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we oould oount more than sirty of the8e bare plaoes in the 
Bingle mountain ealled Binnan at about 8ix leag^es to the 
North-west of Binangonnn . The f ew inhabitants in the moun- 
tains (for the most part natiyes, negritos,) hurried down to 
the plain8 in all haste, terrified at phenomena whieh made sueh 
frightful noises and made the earth yibrate so eontinuously. 

On the ooast of the Puerto Beal de Lampon, four miles 
(Spanish) from Binangonan, there are important depreseions, 
one at Point Tadigan and another at a plaee ealled Quinan- 
liman. The sketeh giyen herewith shows exactly the situa- 
tion of these two plaees. 

At Point Taeligan the depression of the land inoreaeed 
f rom A and G towards B ; at the last point, where formerly the 
land was some deeimetres aboye the 6urfaee of the water, the 
water was sis metres deep ; while at A and 0, the ground was 
lowered only so mueh that the yegetation, wliioh was yery 
thiok at this plaoe, was killed by the aetion of the salt water 
on its roots. At B the dead tops of the submerged trees were 
yisible. It appears as if the whole tongue of land had 
reyolyed about an axis approximately parallel to the 
line A C. 

• At Ouinanliman the depressiou had a wide extont, but 
was yery irregular in depth : the greatest depth was four metres 
at the oentre line D E of the submerged Burf aee ; and f rom this 
line in both direotions the depth gradually diminished. 

A Buburb oalled San Baf ael had been f ormed in this looali ty 
a Bhort time before the earthquakes, to take adyantage of the 
good farming land. This suburb was submerged the 18th of 
Julyi and was abandoned without loss of Iife. It is probably 
this inoident whieh gaye rise to the story in Manila that hun- 
dreds of human beings had disappeared. 

With regard to the story of the boats whioh had been 
east up on the shore to a great height aboye the sea, we oould 
not Imd any oonfirmation of it ; eyen the ilshermen in Puerto 
•Beal were astonished when we told them of it. The only ac- 
eident whioh offer8 any expIanation of sueh exaggeration is 
that Bome small boats whioh had been out in the estuary whieh 
ope&A into this port, were thrown by the inundating waters up 



[79] 

iato the mangroye thioketR whieh line the Ahores of the estuary , 
and were left dry when the water returned to its leyel. 

Provinci3 of Oayitis. 

The effect8 produeed in this province were almost as great 
as those in the eontiguous parts of the proyinee of Manila. 
The shoeks were felt with equal yiolenoe and in equal numbery 
although it was obseryed that the intensity was gradually less 
from North-east to North-west. 

We will not enter into details eoneerning the aetion of the 
earthe^uakes ; it will be sufficient to say that some buildings 
were more or less injured, while the ground showed no marks 
of vioIence except some small eraeks at points near the shore, 
as at Ganaeao, where seyeral were opened whie^ poured out 
water and sand. 

III 

Ejfeets ohetreed in the Southern Prorinees, 

Batangas. 

It was with great antieipations that we went to eramine 
this typieal yoleanie proyinee, thinking to find more notable 
marks of the earthquakes of July in its soil than in any of the 
proyinoes already trayelled over. The reports, sometimes 
terrifying and sometimes reassuring, whieh were reeeiyed in 
Manila eoneeming the yoleano of Taal and mount Maquiling, 
whieh were then eonsidered the arbiters of our fate; the 
telegrams, as laeonie as alarming, whieh represented these 
mountains to be first in f ull eruption and then perf eetly quiet ; 
those urgent warnings, adyising the preeautions to be observed 
on aeeount of the suspioious state of the yoleano ; all these 
reports, these prophetie warnings, whieh were in no way eon- 
firmed, excited our desire to yisit this proyinee, whieh we 
expected to find eompletely disorganized by the earthquakeB 
of July. What was our surprise to iind that if those yoleanoes 
had had any infiuence on the e^Teet of the earthquakes, it was 
a markedly beneficial one. 

Neither the erater of Taal nor the boiling springs on the 
South-western side of Maquilingi whieh we 6Zfumnod caref uUy 
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sHowod any marks of reeent ebangei mtteh less of Buoh oata* 
c1 ysms afl yoiing and enthusiaBtie imaginatious had thought 
they saw. Aeeording to the reports whieh we obtained in the 
loeality, whea people had beoome somewhat reassured, it seems 
tbat not only did no new volcano appear, (a supposition whieh 
might haye arisen f rom one of the beautif ul tropieal sunsets or 
from mistaking some other peak) but tliat the old ones showed 
no abnormal aetiyity, indeed not as mueh as they often do 
when unaeoompanied with earth^uakes. 

"We entered this proyinee from the town of Oalamba in 
La Lnguna, and passed successively through the towns of 
Santo Tomasy Tananang, and Talisay, Taal, Banang, Batangas, 
San Jose, and Lipa ; returning to Santo Tomas, we took the 
road to San Pablo and afterwards proeeeded to Tayabas. 
We stoppei in Santo Tomas espeoially to inyestigate the hot 
Bprings of Mount Maquiling, and again in Talisay as the near- 
est point f rom whieli to yisit the little island whieh was formed 
by the yoleano of Taal in the middle of lake Bombong. 

In none of the yillages passod through did we obserye any 
efiPect8 of the earthguakes, either in the g^ound or the buildings. 
Li Santo Tomaa, the yillage nearest to the proyinee of La 
Laguna, the ehureh was eonsiderably damaged, but this was 
due to faulty oonstruetion rather than to the aotion of the 
earthquaJce; as the eonyent next to the ehureh, whieh was 
bailt of masonry and eoyered with tiles was so little injured 
that it was, without repairs, oontinually oeeupied. In the town 
of Lipa, where there were numerous ediiiees of masonry eoyered 
with tilesy and higher than we haye seen elsewhere in the 
Philippines^, there was not the slightest injury ; eyen in the 
fiye-story tower of the ehureh there was not a yisible oraok. 

The same earthquakes were f elt as in Manila ; but the 
greater part of the reports reeeiyed agree in assigning the 
greatest importanoe to the shoek of the 1 8th, and plaoing the 
anterior and posterior ones mueh lower in the seale of intensity. 

The statements whioh we eould make eoneerning the 
effeot8 in this loeality would be mainly negatiye ; it will suiEoe 

*Ther6 are soine buildings haring a ground door and three other 
sloriei, all ooyered with a tile xoof 
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to say that, with the 6xceptioQ of the yillage of Santo Tomas, 
none of the ehurehes of this proyinee, ineluding the very high 
one of Taal, nor of the great masonry etruetures whioh are 
numerous in many of the ▼illages, suffered noteworthy damage, 
the small damage experienced amounting to a f ew eraeks whioh 
did not a£fect the stability. 

Here we ought to terminate what we haye to say oonoem- 
ing the earthquake8 of July in this proyinoe ; but oonsidering 
that, among the theories whieh haye been adyanoed by eminent 
men in all times relating to suoh phenomena, there is one 
theory whioh attributes them to yoloanio aotion, we oan not 
let suoh an inyiting opportunity pass by to study an aotiye 
yoloano in the midst of a zone lately disturbed by heayy earth- 
^uakes, as well as to say a few words on that igneous oen^er 
and the seientitie paper whieh was intended to show a oonneo- 
tion between this yoleano and past seismio eyents. 

The sketoh herewith shows the situation in the lake of 
Bombong of the island ealled Pulu Yoloan in whose top there 
is now a erater, as well as the situation of the other small 
ialands in the same lake, all of whioh are yoloanio and haye 
been aotiye in historio times. The islands of Bubuin and 
Nampayon appearedin 1716, forming then a single island, and 
the prinoipal orater was then in an island known as Subug- 
napuls whioh disappeared in the eruption of thatyear, although 
its base may still be seen near the island Pulo Yoloan. 

The greatest length of the island of the yoleano is from 
North-east to South-west and is about fiye miles (Spanish), and 
the height of the edge of the orater is on the South-eastern side 
1 90 metres, and on the Northern side 275 metres. The general 
form of the edge of the orater is approximateIy oval, (Pig. 3) 
with its major axis 2600 metres long. The interior 6urface is 
that of an inverted truneated oone, whose height is approxi- 
mately that of the edge of the orater aboye the water of the 
lake, and whose smaller base is the bottom of the orater. There 
are seyeral small oones on the floor of the orater of whioh only 
one isaotiye, and this one throws out great ^uantities of yapor. 
There are also two boiling lakes, with metallio oxide8 and 
saltB in Bolution, whioh oolor the smaUer one a pure emerald 
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green, and the larger one a reddish yellow. 

In the larger lake every few hours the eenter is blown up 
liko aa immense bubble, whieh rises one, two, or three metres 
above the 6urface and iinally bursts, revealing a blaek orifice 
and making the boiling water appear all imaginable eolors. 

It is impossible for us to deseribe the beauties of the erater, 
whose bottom and interior walle, aeeessible at various points, 
present sueh varied struetures and eolors, from the blaek and 
oompaet basalts to the fragile, spongy, and almost transparent 
modem seoriae. The most iinished deseription would not give 
even an approximate idea of that grand amphitheater, where 
every stone has its history, having been thrown thousands of 
times up to great heights, and having been dis8olved and 
deposited until there are multitudes of transparent and eolored 
erystals. In the sketeh whieh has been given, the relative 
situation of the variou8 parts of the erater may be seen. 

The ehanges whieh this volcano has undergone and the 
disasters whieh it has eaused sinee historieal times are very 
remarkable. Aeeording to the ehronieles of the time of the 
conquesty the erater was then on the 8outh-western point of the 
island of Pulu Yolean, having a eone whieh exist8 today and 
is ealled £inintian-Malaquit. A few years af ter the conquest 
that erater eeased aeting, and another appeared on the Eastern 
side of the island, whieh in 17 16 was submerged, leaving above 
the surface the two islands Bubuin and Nampayon. Then a 
new erater appeared on the Eastern side of Pulo Yolean, whieh 
was gradually enlarged to ward tlie West until the present erater 
was formed, whieh has not varied mueh sinee 1754. Among 
the variou8 eruptions sinee the conquest, the most notable are 
that of 1749 where the village of Sala disappeared, and that of 
1754, the greatest of all, when the villages of Taal, Lipa, and 
Tananang whieh were then on the shores of lake Bombong all 
disappeared. All the eruptions have eousisted of showers of 
burning ashes and seoriae, between whieh showersgreat bloeks 
of basalt were thrown out, covering the whole region to a 
depth varying from a few eentimetres to two or three metres, 
and eausing the differenk etrata of volcanic material whieh ean 
be se en throughout the province. We know of no obser^ations 
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green, and the larger one a reddish yellow. 

In the larger lake every few hours the oenter is blown up 
liko an immenBe bubble, whieh riseB one, two, or three metres 
above the 6urface and iinally bursts, revealing a blaek orifice 
and making the boiling water appear all imaginable eolors. 

It is imposeible f or us to deseribe the beauties of the erater, 
whose bottom and interior wallp, aeeessible at various points, 
present sueh varied struetures and eolors, from the blaek and 
oompaet basalts to the fragile, spongy, and almost transparent 
modem seoriae. The most iinished deseription would not give 
even an approximate idea of that grand amphitheater, where 
every stone has its history, having been thrown thousands of 
timea up to great heights, and having been dis8olved and 
deposited until there aro multitudes of transparent and eolored 
erystals. In the sketeh whieh has been given, the relative 
situation of the various parts of the erater may be seen. 

The ehanges whieh tliis volcano has undergone and the 
disasters whieh it has eaused sinee historieal times are very 
remarkable. Aeeording to the ehronieles of the time of the 
oonquest, the erater was then on the South-western point of the 
island of Pulo Yolean, having a eone whieh exists today and 
is ealled £inintian-MaIaquit. A f ew years af ter the eon^uest 
that erater eeased aeting, and another appeared on the Eastern 
side of the island, whieh in 1716 was submerged, leaving above 
the surface the two islands Bubuin and Nampayon. Then a 
new erater appeared on the Eastern side of Pulo Yolean, whieh 
was gradually enlarged toward the West until thepresent orater 
was formed, whieh has not varied mueh sinee 1754. Among 
the various eruptions sinee tlie conquest, the most notable are 
that of 1749 where the village of Sala disappeared, and that of 
1754, the greatest of all, when the villageB of Taal, Lipa, and 
Tananang whieh were then on the shores of lake Bomboug all 
disappeared. All the eruptions have eousisted of showe^s of 
burning ashes and seoriae, between whieh showers great bloeks 
of basalt were thrown out, covering the whole region to a 
depth varying from a few eentimetres to two or three metres, 
and eausing the differenk strata of voloanic material whieh ean 
be se en throughout the province. We know of no obBervationB 
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"whieh would ahow the relation of earth^aakes to the ernptions 
up to 1S74 ; but fdnce that date we are able to giye a feWy 
whieh, as well as BOme of the fact8 already stated, we owe 
to the kindness of the eurate of Talisay, Eather Gelestino 
Bedondo. 

On the 17th of May 1874 there was an eruption of blaek 
smoke and ashes unaeeompanied by an earthguake. 

On the 19th of July in the same year there was an erup- 
tion of gases, whieh were so sulphurous tliat the eharaeteristie 
odor was pereeptible as far as the town of Talisay. A great 
herd of eattle died on tbe island of Pulu Yolean, on whose 
Western shore there was abundant vegetation whieh was 
mostly burned up. There was howeyer no earthquake 

On the 24th of June 1877 from one until half past six 
in the morning, seyen heayy earthquakes were felt, whieh 
were yiolent enough to eause eraeks in the wall of a eonyent. 
These earthquakes were felt in Silan in the proyinee of Oayite, 
but in many yillages of Batangas they were not obseryed. 
They were not foIlowed by any eruption. 

Erom the last of Oetober 1878 until the 12th of Novem- 
ber, subterranean noises were heard frequently in the direetiou 
of the yoleano, On the day mentioned an eruption began 
whien lasted until the 15th and eoyered the whole island of 
Pulo with a shallow layer of yoleanie ash ; there was however 
no earthquake. 

Pinally from the 8th of June 1880 the yoleano was ob- 
seryed to be more aetiye than usual, and some nights the erater 
was eoyered with a glare; and on the 17th, 18th, 19th, 20th, 
and 2l8t of July subterranean noises were heard and from 
time to time a small ball of fire (about half a metre in dia- 
meter) appeared aboye the erater ; these balU burst at quite a 
height into small fragment8 a part of whieh f ell baek into the 
erater and the remainder upon the exterior slopes. 

We might say mueh more of this yoleano whose sphere of 
aetion in geologieal times must haye been mueh greater than 
in hietorieal times ; perhaps then the lake of Bombong was the 
erater. But this would earry us too f ar from our present pur- 
poBOi 80 we repress our desire until a more opportuue oeoasion. 



[84] 

Pboytkoe of Tatabab. 

We travelled through this proyinee Betting out Iroiii Santo 
Tomas iu Batangas and going in the direetion of San Pablo ; 
and we then passed through the villag68 Dolores, Tiaon, 
Sariaya, Oandelaria, Tayabas, and Lueban all situated on the 
slopes of the two great volcanic promontories ealled Ma]aijai 
and Banajao. 

Erom Lueban we passed over to the Pacific eoast, whieh 
is a eontinuatton toward the South-east of the eoast of La 
Infanta, and inspeeted the towns of Mauban and Atimonan ; 
erossing lastly the narrow isthmus whieh separates the Pacific 
Oeean from the sea of Mindoro, we arrived at Laguimanoe, 
whenee we set out for Oamarines. 

During this journey we obsenred that the intensity of 
the Tuly earthquakes deereased from the Pacific eoast towards 
the West. In the towns named, with the exception of Mauban 
and Atimonan, we did not obserye any important efiects either 
in the buildings or ground, the only damages being slight 
eraeks whieh did not render the buildings uninhabitable. In 
a single convent, that of Tiaon, whieh for some time past had 
not been Qccupied on aeeount of its dilapidated eondition, a 
part of the roof f ell in ; the ehureh whieh was near the convent 
was also in a bad eondition, but it re6isted the aetion of the 
earthquake and eontinued to be used. Neither in Tayabas, 
nor in Lueban, nor in Sariaya where, besides the ehureh and 
convent, there are many other masonry buildings with tile 
roofs, were l6ft any marks of seismio aetion from the earth- 
quakes of July, whieh were however f elt in as great numbers 
as in Manila, although with mueh less intensity. 

We will only give a f ew effects whieh were obsenred in 
Mauban and Atimonan on the Pacific eoast, where the pheno- 
menon assumed some importanee. 

Peovikoeb of Oahakines A2fD Albay. 

Although this deseription may appear long, we have 
thought it neeessary to go into details, so that the reader eould 
form his own opiniona on the eourse of the phenomena, in- 
dependently of our ideas. To bring the aooount to an eud» 
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^e will ftdd a f ew words about the two proTinoes named aboye» 
in whieli there was a great diminutton in intensity in propor- 
tion as the earthquake8 had traTelled toward the South-eaet ; so 
that at the extremity o{ Luzon, near the straits of San Bernar. 
dinOy there are plaeee where the earth^uakee of July paased 
unobaerved. 

In North and South Gamarines the shoeks had eonsider- 
able inteneity in all the yillages in the North^eastern parts, but 
did not howeyer injure any buildings or eause any marked 
dieturbanees of the ground. In Nueya Oaeeres, the oapital of 
South eamarinea, where there are many maaonry buildinga 
aome of whieh are of great 8ize, aa the goyemment houae, the 
biahop'apalaee, ehurehea with high towera, &o,, we were ahown 
aa the gpreateat damage whieh waa oauaed in that plaee a amall 
erook in one of the walla of the government houae. Thia oraek 
waa oTen amaller before the loeal earthquakea of the Yoloanio 
region of Mayon, whieh were felt here in laat NoYember, and 
whieh opened the eraek aomewhat. In the other plaeea to the 
South-eaet o{ Nueya Oaoerea aa f ar aa Albay, the intenaity waa 
eyen leaa. The earthquake8 aeem to haye been entirely eztin« 
guished in the line of yoleanoea whieh begina with one ealled 
Yaaro and enda with Buluaan, and inoludea thoae oalled Yriga, 
Maaaraga, Bulio and Mayon, the laat of whioh haa a height o{ 
8000 {t., and haa ooneenirated in itaeU all the yoleanio aotiyity 
of the whole region. AIl thia loeality ia frequently diaturbed 
by looal eaTthquakea whioh do not generally p^^w out of Soutb 
eemarinea, and ordinwrily are preeeded by aome eruption, or 
at leaat aome notable yariation in the aotiyity o{ the yoleano. 

IV 
General Deduetions. 

li, in aome of the plaeea examined in the di£Perent latitudea 
o{ Luzon, the earthquakea had been regiatered with aeouraeyi 
aa they were in Manila, by aeiampmetera, nothing would haye 
been easier than to haye traeed on the mapa the linea whieh 
inark the zonea of relatiye intenaity ; but, laeking theae obaer- 
Tationa, and obliged to eatimate the direetion and foree of the 
motions by the offecta whieh they produeed in eaoh loeality, 
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we liaye gteat diiEealty in p^ eaenting the dedaetione whieh 
indieate generally the eharaeter of the phenomena. We shall 
do it 1iowever beeause, besides f ulfiUing our obligationsy our 
opinions will leave the reader eompletely free to form his own 
ideas; and from the minute and trustworthy obBerrations 
whieh we liaye here reeorded he ean test or modify the deduo- 
tions whieh we niake. 

We fir8t eall attention to this fact, that all the earthquakes 
from the 14 th to the 25th of July ean be diyided into three 
elasses eorresponding respectively to the 14th, 18th and 20th 
days ; and that eaeh of these elasses has its own speeial zone of 
masimum intensity. The first, whieh ineludes all the earth- 
quakes whieh oeeurred between the 14th and the 18th, had its 
greatest intensity on thdt part of the Pacific ooast whioh 
oorresponds to tho distriet of La Infanta and the proyinee of 
Tayabas, and on that part of the shore of lake Bay between 
Santa Cruz and Morong. Leaving this region of maximum j 

intensity, whieh we haye marked on the map with a red linoi i 

the intensity beeame less and less until in Pangasinan in the 
North, and Gamarines in the South, the earthquake8 in many 
towns were not notieed. 

The seeond dass, whioh on neoount of its great intensity 
and extentis the most important of all, had its maximum 
intensity in the territory induded between the Westem eoast of 
Tayabas and La Infanta and the most Western spurs of the 
mountain-ehain whieh beginning at Baler runs towards the 
South' and ends in the yoleanio mountains of Tayabas near the 
narrow isthmus of Atimonan. The seismie wares in this 
great shoek had mueh greater extent and intensity toward the 
North-west than toward the South-east ; in the first direetion 
induding all the island of Luzon and probably part of the 
ehina Sea between Luzon and Pormosa, while in a South- 
easterly direetion the seismie aetion was entirely extinguished 
before reaehing the Straits of San Bernardino, so that the loss 
of intensity must have been mueh more rapid, It ean be 
ealeulated that the surface more or less violently disturbed by 
the earthquake of July 18th, deduetingthe part on the oeean 
as we have no exact obseryations as to ita boundaries, was 
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about 357 s^oare leagues.* Oa the map we hare drawn blaek 
lineetoshow the different plaoes at whieh the inteiisity was the 
same. Aoeording to obseryations made in our ]Ourney the 
region of maximum intensity was in Nueva Ecija, the moun- 
tains of Bulaean and Morong, the distriet of La Inf anta and a 
part of the proyinee of La Laguna, all of whieh territory ia 
ineluded in the inside ourye. 

In the determination of the euryes whieh limit the sueees- 
siye zones, we have endearored to draw them so that they 
inelude all the points at whioh the effects obseryed, by caref ul 
estimate, were about the same, rather than to make them 
represent the eourse of the seismie wares ; it would haye beoa 
impossible f or us to do the latter, as we had no more eieaet ob- 
seryations than eould be obtained from ruined buildings and 
diBturbanees of the ground. 

FinaIIy the third group, whieh ineludes all the earth- 
quakes whieh happened on and after the 20 th, presonts a very 
small zone of maximum intensity, in spreading fi*om whieh tho 
motion deereased so rapidly that while the greatest aetion was 
on the Westem shore of Lake Bay , or perhaps in Manila, in the 
adjoining proyinees toward the North and the South, that is in 
Pampanga, Nueya Ecija, Batangas and Tayabas, that shoek 
was hardly distiiiguished from the other slight shoeks whieh 
were f elt from' the 1 8th to the 25th of July . On the map we haye 
drawn a yellow line ineluding a small part of Lake Bay and a 
short streteh of its Western eoast, the peninsula of Jalajala and 
the island of Talim ; and this line ineloses the region of maxi- 
mum intensity, where the aetion of these earthquakes was mueh 
greater than in the other parts of the proyinee of Manila, and 
where they were espeeially yiolent at points South of the Pasig 
riyer. In speaking in detail of this proyinee we haye ealled 
attention to the singular f aet that this Pasig riyer seems to be 
a diyiding line between two distriets iu whieh the intensity of 
the earthquake of the 20th was yery diiTerent ; this f aet is our 
reason f or drawing one of the euryes to eoineide with this riyer. 

April 1881. JOSE OENTENO. 

* 56000 Bqaare mileB. [See twte on next pa^e,] 
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K<)TB. The Aguret relemd to in the ilnt teoiioii oi oliapter 1, ure 
alroAdy known to the Seiamologieal 6ooiet)r oC Japaii> md f or thal 
haVe not been giyen. 
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SEISMOLOGIOAL NOTES. 

BY 
PROF. J. A. EWING. 
[Rkai) Noyembee 2lflT, 1882.] 



I. A Duplex Pendulum Sewnometer, 

The fault of the eommon pendulum when used as a sei»- 
mometer in its too great stabilily. This may be redueed 
enough to fit the instrument for seismometrie work by making 
the length of the pendulum inordinately great, as was in f aot 
done in the pendulum seismometer whieh I had the honour to 
deseribe to the Sooiety in 1880*. But a very long pendulum 
presents, in its eonstruetion and use, so many difiicultieB as to 
be almost impraetioable, and methods have been suggested by 
Mr. Oray t and also by myseU ]: whereby a short pendulum 
may be brought to a state of neutral or nearly neutral equili- 
brium. The "Duplex Pendulum " whieh is now exhibited to 
the Boeiety achieves this result in an entirely new way. 

BrieAy the idea of the new instrument is this. The oom- 
mon pendulum is stable : an inverted pendulum with pivotted 
supporting rod is unstable : by plaeing an inverted pendulum 
below a oommon one and eonneeting the bobs so that any 
horizontal displaeement must be oommon to both we may 
make the equilibrium of the ]ointed system neutral or as 
feebly stable as may be desir^d. 

The figure shows a vertical seetion through the instru- 
ment. B^ is the bob of the upper or eommon pendulum eon- 
sisting of a hoUow eylinder of lead, whieh is hung by two 
light wooden rods from a eross pieee e in whieh a steel pin is 

• Tram. 8ei», Soe. Jap. Vol. I. p. S8. 
t Trmu 8i%i. Soe. Jap, VoU III. p.lAt. 
t IM. p. 147. 



[90] 

fixed whioli Btands in a eonieal eup of agate in the fixed sup- 
port Sy. This giyes the pendulum freedom to oseillate in any 
azimuth. ^^ is the bob of the lower or inyerted pendulum . 
It is fized to a stout eireular rod d whieh is piYOtted to a 
seeond fixed support or base S^ by a somewhat peeuliar joint. 
Two feet e fized to the rod of the inyerted pendulum stand 
respeetiyely in a eonieal hole and Y slot on the upper surf aoe of 
a steel plate p, on the lower surf aee of whieh there aro another 
oonieal hole and V slot in a line at right angles to the line of 
those on the upper 8urface. Into the lower hole and Y a 
pair of inyerted feet fixed to S^ press up. The upper and 
lower slots and Ys are arranged so that their yertiees are all 
in the same horizontal plane. This mode of support also giyes 
freedom to oseiUate in any azimuth, and it is employed instead 
of the more simple method of piyotting a single foot in a 
single eonieal hole in order that there may be no freedom on 
the part of the lower pendulum to rotate about a yertieal asis. 
There is therefore no ob]ection to using a prolongation of the 
lower pendulum as the indieating polnter. The bods j9^ and 
jB^ are eonneeted thus : from a rigid brass bar extending aeross 
the top of Bi there depends a rigld yertieal pro]ecting pieee 
ending with a spherieal ball whioh ]ust fits in a eylindrioal 
hole in a tube fixed to B^, The pondulums therefore moye 
freely together, this ]oint giying them the neeessary power of 
yertieal sliding relatiyely to eaeh other through a small 
distanee. 

The spherieal ball on B^ and the tube on B^ are plaeed 
so that thelr point of eontaet is at the eentre of pereussion of 
both pendulums. This is the kinetie eondition whieh must be 
fulfined in order that this polnt should be the '' steady point " 
when a displaeement of the earth oeeurs. The point of eon- 
taet is of eourse a sbort dlstanee below the eentre of grayity 
of j&, and aboye that of B^, 

If for breyity we eall 7Fi and W^ the weights of the 
pendulums referred to this point (that is, the aetual weignt of 
eaeh multiplied by the distanee of its eentre of support f rom 
its eentre of grayity and diyided by the distanoe of its eentre 
of support from Ubie point of oontaet between iho hall and 
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tttbe, then tlie staiie eondition whioh will giye neutrid eqnili- 
brium in rery small displaeements is that 

W, l, = W, l, 

where /, and Ig are the lengths of the pendulums measured 
from their point of eontaet to their respeetiye points of support. 
In praetiee a small margin of stability must be giyen by 
making TT, l^ somewhat greater than TT, Z,. 

The indieating pointer oonsists of a light wooden rod r 
forming a prolongation of 8. At the top of this a Hght pro- 
jeGting arm is hinged and stands out horLzontally with its end 
(steel-tipped) touehing a smoked glass plate g, The ratio of 
multiplieation of the reeord is the distanee from the hinge to 
the lower piyot diyided by /,. 

When its equilibrium is nearly neutral the duplex pen- 
dnlum f orms an exceedingly sensitiye leyel. If the line joining 
the upper with the lower point of support is not perfectly 
yertieal a very large deflection of the pointer results. It is 
easy to show mathematieally that if the equilibrium were 
exactly neutral when the line joining the supports is yertieal 
the apparatus would be unstable should any deflection of this 
line from the yertieal take plaee, and that when there is some 
small stability the effect of sueh a deflection is to eause a large 
displaeement of the bobs. The same eharaeteristie is howeyer 
shared by other neutral or nearly neutral equilibrium seismo- 
meters, sueh as the roUing sphere or the horizontal pendulum. 

The instrument now shown to the sooiety has been too 
reeently eonstrueted to allow me to giye any aeeount of its 
performance in an aotual earth^uake, but when tested by 
means of a shaky table it appears to work yery well. 

II. The Suspemion of a Horimital Pendulum. 

The method of support hitherto adopted in my horizontal 
leyer seismometers has been to use a rigid frame piyotted by 
joints at two points nearly in the same yertieal line. In plaoe 
of ]oints we may use flexible eonneetione, sinee the aotnal 
angular displaeement is neyer largOi ju8t as in doek pendnluma 
a spring niBpeiiaion is oommonly ueed in plaee of a hinged 
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yAnt Mr. Gray has desoribed a modifioaiiott ot the Iiorlaoti- 

tal leyer ealled by him a oonieal penduliim BeiemiHiieter, in 
whieh the frame of the leyel is reduoed to a single strut and 
tiei the strut being set horizontally with its end jointed to a 
fixed support and the tie eonsisting of a wire fixed at its upper 
end, 80 that its flexibility and torsional elastieity make it BeTVB 
as a Bubstitute for a seoond joint. Beeently I haye gone a 
step f urther, and haye introdueed a flexible spring or wire in 
plaee of the other ]oint ako. To do this it is only neeessary 
to fork the strut and oarry it out beyond the yertieal axi8 of 
support and then tie it baek to the axi8 by a flexible spriDg, 
preferably a steel band with its flat side yertieal. The wire 
tie interseets the yertieal line through the oentre of grayity of 
the mass at a point horizontally in front of the lower point of 
Bupport to whieh a prolongation of the strut at the baek is tied 
by a flat steel band. A flxed pin sliding f reely in a slot on the 
Btrut is added to preyent any bodily translation of the Btrut to 
one side or other during an earthquake, and henee the hang- 
ing mass haa no other freedom than that of rotation about the 
nearly yertioal line joining the upper and lower points of 
attaohment. So far as ean be judged by reeent experiments 
this arrangement offerB less frictional resistanoe than the 
method of support by piyots, and any ehange whieh giyes a 
diminution of friction is an improyement in a seismometer. 

m. A Speed Gwemar for Se%mofra,pk Clock%, 

The fluid friction goyemor shown to the sooiety on a 
former oeeasion posBessed the defect that the balls (whose 
centrifugal displaeement eaused fans to be immersed more or 
lesB deeply in a trough of oil) were liable to be disturbed by 
an earthquake, so that the aetion of the goyernor beeame to 
Bome extent irregular at the yery time when uniformity of 
speed waa most neeesBary. A modiAed form whioh haa beea 
reoently applied to the eloek of the Beismograph in Tokio Uni-' 
rersity oyeroomes this difliculty Buocessf ulJy. Instead of two 
balla two pairs of ballB are ueed, fixed at the ends of linka 
whiob eroBB the spindle X-wiBe. The upper eadB of the linka 
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alBo earry tbe lans whose immersion in oil oheeks the speed. 
A pair of springs resists the centrif ug^al tendeney of the balls. 
The eentre of grayity of eaeh link with its attaehed balls 
ooineides with the ]oint between it and the spindle, and oon- 
6equently the shaking of the eloek during an earthquake 
produees no ehange in the configuration of the goyernor. The 
effect of an earthquake on the oil in the trough is immaterial, 
both in this and in the older form. 
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N0TE8 ON TEE EARTHQUAKE 

AT ATAMI, IN TEE FROVINCE 0F IDZU, 

ON 8EPTEMBER 29, 1882. 

BY 
T. DAN, 8.B. 

[Bead Nov. 2l8T 1882.] 



On the morning o{ Bept. 29, a seyere and sudden dioek o{ 
earthquake was {elt at Atami, oausing mueh alarm to the 
people and learing a{ter it, as the effect o{ its Yiolenee, oonBi- 
derable amount o{ damage in the town and its neighborhood. 

Nobody seems to haye {elt any {eebler Bhooks preeede 
the heayy one, whioh startled us {rom our sleep about 5 o'elook 
or a little be{ore. An intelligent fi8herman told me, howeyer, 
that when he was retuming in a boat, in oompany with ano* 
ther, about the same time {rom the tishing port o{ Asiro, about 
5 miles south o{ Atami, he distinetly heard a roaring aound in 
the mountains and immediately a{ter, {elt his boat shaken 
yiolently. Ab the time was early and almost eyery one was yet 
aaleep, I {ound no one else to oonfirm his statement. I am 
sorry that I oould not reeord a more definite time o{ the shook, 
on aeeount o{ oon^usion eaused by its seyerity and suddenness. 
The duration o{ the shoek seemed yery short, probably lasting 
only a {ew seeonds. I {elt as i{ the shook oonsisted o{ a series 
o{ rapid yertieal thrusts. Senrants in the house who were up 
at the time said that they all held on to something {or {ear o{ 
{alling oyer. I may add here that bottles eontaining medieine 
{ell off the sheU at the house o{ a town physioian, oausing so 
mueh damage that his patients were depriyed o{ their 
medieines {or two days till he obtained an extra supply {rom 
Odawara. On examining my ando^ a Japane8e lamp, the 
deseription o{ whieh would be {amiliar to eyery {oreigner who 
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has been in Japan,* I found the paper whieh covett 
Bide facing the sea or E. S. E. was saturated with oil sbi 
that the oil was thrown out on the side toward the sea. 

In order to sbow the e^eets whieh the earthquak4 
dueed, a brief deseription of the physieal strueture of i 
and neighboring ooaet is neeessary. \ 

Atami is built on the slope rising with quite a i 
inelination from the sea in a yalley formed by the spui 
Hakone ranges, whieh project out into the eea like a^ 
enelosing the town of Atami* between them. On the 
side partieularly, the mountain terminates in cliff8 of 
height and abruptness. The houses are mostly on tei 
built Bueeessiyely from the sea. In fact, the eoast of 
rises out of the water perpendieularly, thusmaking the 
way along the eoast extremely difflcult The road 
Odawara to Atami, a distanee of about 16 miles is eut throi^ 
mostly along the sides of cliffs, in many plaees seTeral hundre 
feet above the sea. 

On going out to look for any damage that might hsT 
been done, I f ound that in numerous plaees, stones were throir 
entirely down f rom their positions in the nearly yertieal retaij 
ing walls of the terraees. In a similar manner» a soli 
retaining wall about 5 feet high aboye whieh one of the ptii 
eipal hotels, ealled 8uzukiya| is built, was nearly destroyed o 
the side faoing the sea. A little house in front of our hot< 
was twisted out of shape by the stones giving way beneath. 
must uot omit to say, howevery that the stones are mostl 
rudely eut and loosely laid in the walls, without mortar» hv 
those forming the walls at the hotel were well shaped an 
dosely fitted, though not eemented. 

I notieed that the g^eatest damage to the terraeesy was i; 
the sides facing the sea or E.S.E. ; a few eases in those facinj 

• T/ie latnp I had es»eiiHaUy eonsUted of a shaUow bor aboni one /« 

»quare with /our tmaU pott» abont three feet highy ereeted in it* eomei 

and braeed together at the top by pieees of wood; above the middle^ (h\ 

fratnetcork wat papei-ed over, hating in the imide a narrofv pieee of boar 

Jlxed aerott to hold a eopper tatteer eontaining oil with a littU wieh kangin 
&per th0 4if4. 
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NJEj. & S.E. but Bearoely any in those facing S. or S.W. As 
the land riseB towards the W. and N., I lound searoely any 
waUs ladng in those direotione and no oaaes of damage in 
them. 

Although mo8t of the walls f aoe E.8.E. and theref ore we 
ean hardly tell by the amount of damage, the side whioh 
su£fered the most, yet it appeara most probable that the Bide 
facing E. S. E. had to bear the greatest shoek. 

I have oome to the same oonelusion as to the direotion of 
the shook by the oonsideration of the f all and rotation of tomb- 
Btones in the graveyard of Onsenziy whieh I was fortunate 
enough to obserre in their displaoed positionsi as the workmen 
were already employed in replaoing them properly. 

The temple of Onsenzi is looated quite a distanoe up from 
the sea in an elevated situation with terraoe walls on N.N.E. 
and E.8.E. sides. Just in front of the temple a monument 
ereoted in memory of a historioal personage Fujiwara Fu ]if usa, 
faoing N.N.E., fell forwards and was broken. It was a broad 
irregular flat slab about 6 inohes thiok, measuring about 5 f eet 
high and 3 feet wide, set into a hole made in the stone base. 

Some of the smaller tombstones, whioh simply rested on 
flat bases and through bad outting or disintegration were un- 
stable fell from their pedestals, all toward E.8.B., with the 
esoeption of two flat ones facing N.N.E. whioh fell forwardB 
in the same direotion as the monument. 

I obsenred also the interesting oase of tombstones rotating 
on their bases, all in the same direotion as that of the hands 
of a watoh. The tombstones all stood in rows parallel to eaoh 
other and the approsimate displaoement and the direotions of 
the fall oan be seen in the aooompanying diagram, the dotted 
lines indioating the rotated pOBitions ; the large arrow shows 
the dirertion of the f all of the tombstones and the small arrow 
that of the monument and the two tombstonesmentioned above. 

The maximum amount of rotation observed was about 
20^, the amount apparently deoreasing as the weight of the 
stones inereased. 

The simple explanation of rotation of oolumnB given by 
Ftof . Milne in Yol. I Qf the tranaaotionB of this aooiety oan be 
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applied to thiB oaBe, regarding the moyement as eaused by a 
direet Bhook, or we ean imagine this singiilar movement as dua 
to the rotary motion oi the ground, probably eaused by the 
interf erenee of tranBYerse waves. If we oonsider the shoek aa 
ooming from the direotion of the sea, the produotlon of the 
reAeoted wayes oould reaaonably be aooounted for, by the 
Budden reAeotion against the dense rooks of whioh the moun* 
tains are eomposed. The oomparatiye yiolenoe of the shook 
felt here may alao be due to tho same oauBe, or to the f aet that 
the origin of the ahook was oomparatiyely near. 

From what haa been reoorded we haye eyidenoes to inf er 
that the general direotion of the shook wae either W.N.W. and 
E.S.E. or W.S.W. and E.N.E. or nearly E. and W. whioh 
agrees with the direolion indioated by Prof. Ewiko'b astatio 
leyer seismograph in the engineering laboratory of the Baigaku 
on the morning of that day. The seismographio reoord shows 
that there was hardly any motion of the leyer whioh traoes the 
N. and S. oomponent, whereas the one indioating the E. aud W. 
oomponent undulated oonsiderably through the oomparatiyely 
long interyal of 69 seoonds. On making inquiries about the 
earthquake at eyery plaee where I stoppedi I found that the 
intensity was lesa and the duration longer than was felt at 
Atami ; at Kanagawa, a man partioularly remarked about it, 
as an unusually long shook. Whether the earthquake reoorded 
in Tokio is the same as that f elt at Atami is doubtf ul, yet it is 
reasonable to belieye that they were the same or at least had 
originated from the same souree as a shook was f elt eyery where 
about the same time, on this side of the Hakone as f ar as I 
oould asoertain. 

We had seyeral smaller shooks after the heayy one I haye 
deseribed ; I haye reoorded one at about 9 and another a little 
before 12 in the moming of the same day. We were alarmed 
again about 2 A.M. of Oot 1 by a shoek. In the mean time I 
am oertain of f eeling slighter ones, whose times of oeourrenoe 
I haye not reoorded. About 10 A.M. of Oot dth I felt a dis- 
tinet i|}iock. 

The frequency of the shookB^elt, the oomparatlye yiolenoe 
of the ^rst one with the short duration of apparently rapid 
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▼ibrations, all favor the supposition that the origin oi the 
shoeks was near ; the wayeB may haye been propagated from 
a souroe somewhere in yioinity of Atami, deereaaing in ampli- 
tude and energy in proportion to the distanee trayersed, 
Priends of mine who were in Kiga on the Hakone mountains 
tell me that they do not remember feeling any shook that 
morning, whieh shows at least that the origin was not in that 
part of the range. 

Being interested in the nature of the mineral springs, I 
made immediate inquiries aa to the aetion of the big spring 
or OjfUf af ter the shoek. I f ound that there was no ehange 
in the usual periodieity and amount of disoharge until two 
days af ter, when, on Oet. 1 the diseharge eontinued uneeasing 
for the whole day, whioh I was informed happens yery rarely. 
This f aet may be explained by supposing that the large amount 
of infilltrated water, deriyed in great part from the extraordin- 
ary heayy rain of Sept. 30th and Oet. l8t,produced an unusual 
amount of steam and boiling water 8ufiicient to eause this 
oontinuous diseharge under ^e influence of unuBually great 
subterranean heat, whieh might likely preyail at the time of 
earthquake8, as is eyidenoed by the sudden inorease of 
temperature in the oertain thermal springs ; as for inBtanoe, 
at the time of the earthquake of the island of Isehia in the 
bay of Naples in 1828 the hot Bprings of £ita whioh was 
near the oentre of the moyement, were asoertained by M. 
Coyelli| to haye inoreased in temperature.^*^ After the great 
New Zealand earthquake in 1855, the natiyes alleged that the 
temperature of Taupo hot springs was sensibly raised ju8t 
before the oatastrophe.^^ Concerning the eleyation of subter- 
ranean temperature, Lyell says *' Thermal and mineral springs 
are abundant in eountries of earthquake8 and aetiye yoloanos. 
Lastlyi springs situated in distriets eonsiderably distant from 
yoloanio yents haye been obseryed to haye their temperature 
suddenly raised or lowered, and the yolume of their water 
inereased or lessened by subterranean moyements. ete. eto." 

(1) Ly^lTi Frineipk8 o/ 0§ologf voL II p. 94. 
(^) »» n n n n n P* 87« 
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On ths 3d, how«Tear, the aitting had THumed ita nonul 
oondition. Botne eay that the rainlalls generaUj inoreaee the 
amotint of dieoharge, whieh if true ^ea to ehow that the 
spring is not entiiely of marine origin. 

. It seenu qnite reasonable to infei that the BpriDg water 
owes ita origin partly to the aea water and partly to the freeh 
water infiltTationB. 

Althongh a digiession, let ue eompare by the use of the 
f ollowing table, the eompOBition of the Bpring water aa analyBod 
by Dr. ]£astii( at Shiyakujo and thoee of the Tarietiea of eea 
water eoUeoted at diiTerent loealities, to ahow the analogy 
eiisting between theni without diBausaing them in detaU. 
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• * . ^ 

We -find that tbe totnl residtte of tbe spring is moeh lees 

ihan'those of the ditiTerent sampleB of the ooean waten gene- 

ral^. Now, we ought rather to ezpect it more on aoooant of 

. beiiebntration by OTaporation ete, but the fact that it is lese 

'^ .^eems to indioate that the sea water ie eonaiderably diluted 

. 'before being dieoharged. 

The eomparatiyely large amount of siliea, BiOt, in the 
spring is due, no doubt, ta the deoompoaing aetion of the hot 
water upon the traehytie roeks underlying Atami through 
whieh it has peroolated, as is the ease in the majority of ther- 
mal springs paseing through silieious formations. 

It seems to be of great Talue for the proper diseussion of 
the 6ubject to haye the analyses of the spring water and those 
of the sea water near the eoasti made from time to time through 
the yarying seasons of the year. 

After the shoek, howeyer, the little spring oalled J!0- 
hayaskino yu whieh fed the bath of our hotel| was nearly 
stopped up, diseharging but a small amount of muddy wat^r 
to the general dissatis^ aetion of the guests and the alarm of the 
host. On examining the spring, I found that the water did 
not rise high enough in the basin to be eonyeyed by the 
aqueduct. They lowered the aqueduct, whieh inyolyed oonsi- 
derable trouble, but by doing so the usual supply was obtained. 
On examining the aetion of the spring, whieh is generally 
intermittent with an interyal of 2 minutes or so, I found that 
it had aeeelerated its eruptions beeoming almost eonstant but 
apparently deoreased in force. 

This fact might be explained by supposing that the tube 
whieh eonyeys the water was distorted and eontraeted by the 
reeent earthquakes thus hastening the interyal of eruptionsi 
just as BuNSEN explained the aetion of geysers, the truth of 
whieh was afterwards experimentally confirmed by Dr. 
Tyitdall ; that is, the tube itsel^ being sufficiently aeoountable 
for the produotion of periodio eruptions, any obstruotion of the 
tube would, by oausing the heat to aeeumulate, tend to hasten 
the eruptions. 

Thelarge amount of boiling water diseharged periodieally 
from ihe Oyu aooompanied with olouds of steam and growl- 
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ini^ aolitonmeaa noise is tiie obj«€t ot mook wander and 
speoolation to all wlw aee it danng its oetion. The eraptione' 
teke plaee quite regularly about 6 times in a day lasting for 
hidf an honr or more. A f ew honrs belore the &ial eraption 
donds of rteam begin to iBsue irom the month of the tube and 
the water risee to the rim of the baain, and for a eoneiderable 
length ol time the leyel of the water in the baain OBeillates up 
and down. The OBoillations inoareaae in f reqneney and force 
till f oUowed by a number of minor eruptionB of ehorter dura- 
tioD, the water reoeding into the tube after eaoh outburBt, and 
oommeneing again the similar aetionB with added force and 
inerease in the volume of the disoharged watery and bo repeat- 
ing itseU again and again till it ends in the final eruption. 

This peouliar osoillating aetion of the Bpring does not 
eiBentially eontradiot, eTen if it does not f aTOr, the theory that 
the intermitteney ie due to the formation of eteam in the lower 
part of the tube, as propoaed by Bitnbsk and others to aooount 
lor the aetion of the geysers. 

The peroolated water ooming in eontaot with heated roeks 
or superheated Bteam, would be partly eonyerted into rapour, 
whioh in turn will heat up an additional amount of water till the 
tube f ull of water will be raised to a high temperature. As 
the water in the lower part of the tube receiveB more heat, a 
Budden rise of temperature, however slight, may oause the water 
to overoome the preBsure and Aaah into steam whieh would tend 
to rush up the tube, oarrying the oolumn of water with it ; but 
the enormous pressure of the oolumn would oondense part of 
the Bteam, whieh will eause the eolumn to sink down again 
into the tube. This conflict, bo to speak, of steam and the 
pressiure of the water would last for some time and may giye 
rise to the osoillatory moyement aboye desoribed. 

At length, howeyer, the tension of the steam beoomes so 
great that the oolumn of water is no longer able to resist it, 
and it will be pushed out, at Arst, spasmodioally ; but as the 
lower portion beoomes relieyed of part of ita weight and is 
rapidly oonyerted into yapor, the aotion will beoome more 
yiolent, till the whole of the oolumn is espelled. 

When the e^pansiye power of steam is thus exhaustedy 
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thd aea watar may ruBh into thetnbd thioiigh the undergtoimd 
SiSttreB and tnay partly fiU up the tube ; at the same time the 
rain water may be infiltrating into it. The esiBtenee of 
UDiderground tiasttreB from the bottom of the sea near the ooast, 
ia erideneed by the f aot that the sailors and fiflhemen often 
feel the hot water bnbbling up from the bottom. 

On my way baok, I fottnd that the road between Atami 

« 

and Odawara had aoBered aome damage, LuidBlips obstruoting 
the passage in many plaoes, whioh were no doubt oaused by 
the reoent rain aided by the preyious earthquake, aa in Atami 
where we f ound that the rain greatly ezt«ided the damage 
begun by the earthquake. 

I must say that as the eonstruotion of the houseB, terraoe 
walls, &Cf is rough and primitiTo with few eioeptionsy the 
amount of damage done here would be far greater than the 
same intensity would haye prodaoed on leyel grottnd or in more 
Bolid struotures or in plaoes where stone oonstruetions are f ew« 

Haying no intention of writing this brief note at the time, 
I must apologise for the inaoeuraoieB both as to time and 
measurements. 



SEISMOLOGIGAL SOGIETY 0F JAPAN, 



eONSTITUTION. 



[OORREGTED TO 1883 TaK. 1.] 



1. — This Soeiety shall be ealled the 8eimological Soeiety 
ofJapQn. 

2. — The object8 of this Soeiety ahall be the furtherance 
of the study of , and the ooUeetion of fact8 relating to all the 
phenomena oonneeted with earthguakeB and eohanoee, 

3. — At the meetings of the Soeiety papers on general 
Boienee may be read, 8ubject to the approyal of the Soeiety. 

4. — This Soeiety shall eoDsist of eorporation, Honorary 
and Ordinary members. 

5. — Honorary Memhere, who must be non-residents in 
Japan, shall be admitted on grounds to be determined by the 
Oommittee. 

6.— I 

7. 

8. — ^The annual subseription shall be due on January Ist, 
and ahall he, for members who reeeiye the English 7VafM- 
aetions, 8 yen, or £ 1 ., or t 5. ^apanese members who liye in 
the interior may receive only the ^apanese Traneaetions, and in 
that ease the annual subseription shall be 4 yen, 

9. — The 0fficer8 of the Sooiety shall be a Pre^ident^ a 
Tiee^Preeidenty a Ihreiyn Seeretary, a Japane9e Seeretary, a 
Foreign Treaeurei\ a Japanese Treaeurer and fiye Ordinary 
Memhere, two of whom shall be residents of Yokohama. These 
eleyen shall form the Gommittee, of whom four shall form a 
quonun. The Ohairman of the Gommittee shall haye a deoid- 
ing Yote. 
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10.— The affitirs of this Sooiety ahall be managed by the 
Oommittee, wbo Bhall also deeide on the papers to be pub- 
lished in the Transaetions of the Soeiety. 

1 1 . — Oeneral MeetingB, due notiee of whieh shall be given 
to the Members by the Seeretary, ehall be held at eonyenient 
dates in Tokio or Yokohama. 

12. — The 0fficer8 of the Soeiety ehall be eleeted eaeh year 
by ballot at an Annual Meeting. 

13. — ^The Gommittee ahall hold a Meeting one week 
before eaeh Oeneral Meeting. 

14. — ^At the Annual Meeting the Seeretary and the 
Treasurer shall present their Beports. 

16. — ^Any amendments to this eonstitution may be pro- 
posed at any General Meeting, and shall be eonsidered at the 
next, wheui if two-thirds of the Members are present, it may 
be paased by a majority Tote ; if howeyer two-thirds of the 
Members are not present, and the ma]ority of those present are 
in fayor of the amendment, it shall be eonsidered at the 
suoeeeding Meeting, when, if a majority of those present are 
in fayor of the amendment, it shall be adopted. 

16. — ^The Seeretary shall notify Members of proposed 
amendments to the eonstitution. 



RULES ADOPTED BY THE OOMMITTEE. 

[OOBBSOTID TO 1883 Jan. 1.] 



1. — ^Eyeiy paper shall be submitted to the Oommittee, 
either in f uU or abstraet, bef ore it is put on the list of the 
Sodety for publie reading. 

2.— Any person presenting a paper to the Sooiety shall be 
required to atate whether he intends to publish it elsewhere. 

3. — ^Eaeh paper ehall be snbmitted to a sub-eommittee 
who ahall haye power to reeommend whether it. shall be 
printed ia the liwmdioHi of the Sooiely hf iiile, in abdraetg 
or in/iUl» 
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4.— The printingi in the Sooiety'B Tram^eiiani, of remarks 
or eritieismB upon papers read at any meeting, Bhall be limited 
substantially to what was uttered in publio at sueh meeting ; 
or if any new matter, in the way of f urther remark or eritieiBmi 
is offered later, it must firBt be Bubmitted to the Oommittee for 
their deoision. 

5. — To any new Member of the Soeiety will be giyen one 
eopy of all the yolumes of the TraMoeium publiBhed after 
Buoh Member ^oins the Sooiety, and to any retiring Member 
the yolumoB inoluding the papers read up to the time of suob 
Member'B redgaation, if all his dues are then paid, 

6. — To Members of the Sooiety eztra oopies of the Trans' 
aeiioM will be sold at the oost prioe of publioation, whieh may 
be learned by applioation to the Seoretaiy. 



OFPICERS 0F THE SOOIETT. 

FOR THB TKAR BNDTNO 

Maroh, 1668. 



iV#««?W<— GWIBAL G. YaMADA, MrNISTBB Of TSB 

Tiee'PreBideut — p»of . J. A. Ewino. 
Por^ign Seeretary — PEor. John Milnb. 
Aeting Poreign Seeretary* — PROf. H. M. Pato. 
Jafaneee Seeretary — ^PBOf. D. "KiKuem. 
Foreign Treasurer — P. Maybt, tto. 
Japaneee Treasurer — N. Kanda, isao, 

i- . (I. Hattobi, »q. 
(W. H. Talbot, bbo. 



* Dnilng tlM temporary abaenoe of the Tereigu 8$eretmry,m Sntopt. 
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